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Remarks/Arguments : 

Claim 12, currently amended, claims 13-20, previously presented, and new claim 21 are 
pending. 

Claims 1-11 are canceled, without prejudice or disclaimer. 

Claim 12 is amended — as are claims 13-20, being dependent on claim 12 — by limiting the 
claimed process to treatment of a " non-human animal," i.e. the claimed subject matter no longer 
literally covers treatment of a human . 

New (independent) claim 21 provides: 

Process for treating lameness caused by osteoarthrosis comprising the administration 
to a horse, not suffering from fractures, of an effective amount of 4- 
chlorophenylthiomethylenebisphosphonic acid or its sodium salt. 

In other words, present claim 21 is limited to treatment of a specific animal, i.e., "a horse," by 

administering — to the horse — the specific compound "4-chlorophenylthiomethylenebisphosphonic 

acid" or the "sodium salt" of the compound (see, e.g., original claims 6 and 10). 

Claims 12-20 were under final rejection based on 35 USC 103(a) as being allegedly 
unpatentable over US 4473560 (Biere) in view of US 5488041 (Barbier) and further in view ofThe 
American Journal of Medicine. 10L 1996, 339-340 (Siris). Reconsideration is requested, in view 
of the changes to the claims, effected hereby, and the following remarks. 

An obviousness, i.e., § 103(a), analysis requires determining every difference between the 
claims and the cited prior art. Bausch & Lomb, Inc. v. Barnes-Hind/Hydrocurve, Inc., 230 USPQ 
416 (Fed. Cir. 1986). To establish prima facie obviousness of a claimed invention, all the claim 
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limitations must be taught or suggested by the prior art. In re Royka, 1 80 USPQ 580 (CCPA 1 974). 
A "ground of rejection is simply inadequate on its face . . . [when] the cited references do not support 
each limitation of [the] claim." In re Thrift, 63 USPQ2d 2002, 2008 (Fed. Cir. 2002). 

As indicated, above, the present claims are limited solely to the treatment of a " non-human 
animal." None of the cited references — taken together or separately — teaches or suggests the 
limitation "administration, to a non-human animal" — of the recited "bisphosphonic acid derivative" 
for the recited "treating lameness caused by osteoarthrosis — in accordance with the present claims. 

Siris, first of all, is limited exclusively to the treatment of humans . That is, Siris discloses 
the treatment of Paget f s disease — an exclusively human affliction, having no equivalent in veterinary 
medicine — by administering a single bisphosphonic acid derivative, i.e., alendronate. That Paget's 
disease afflicts only humans is inferentially evidenced by the reference, itself; Siris never even 
mentions anything but the treatment of humans. And, in fact, nothing of record teaches or 
suggests — even remotely — that any animals other than humans can have Paget's disease 

In the context of a rejection for obviousness under §103, the "Examiner bears [both] the 
initial burden ... of presenting a prima facie case of unpatentability" and "the ultimate burden of 
persuasion on the issue." In re Oetiker, 24 USPQ 1443, 1444 and 1447 (Fed. Cir. 1992). "The 
Examiner can satisfy this burden only by showing some objective teaching in the prior art or that 
knowledge generally available to one of ordinary skill in the art would lead that individual to 
combine the relevant references." Ex parte Obukowicz, 27 USPQ2d 1063, 1065 (BPA&I 1992) 
{emphasis, added). The "evidence upon which the examiner relies must clearly indicate that a 
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worker of routine skill in this art would view the claimed invention as being obvious." Ex parte 

Wolters, 214 USPQ 735, 736 (BPA&I 1982). 

"It is facts which must support the legal conclusion of obviousness." Ex parte Crissy, 201 

USPQ 689, 695 (POBdApp 1976). 

The Patent Office has the initial duty of supplying the factual basis for its rejection. 
It may not, because it may doubt that the invention is patentable, resort to 
speculation, unfounded assumptions or hindsight reconstruction to supply 
deficiencies in the factual basis. 

In re Warner, 154 USPQ 173, 178 (CCPA 1967) (emphasis in original). An argument by the PTO 

"is not prior art." In re Rijckaert, 28 USPQ2d 1955, 1957 (Fed. Cir. 1993). When the 

USPTO asserts that there is an explicit or implicit teaching or suggestion in the prior 
art, it must indicate where such a teaching or suggestion appears in the reference. 

28 USPQ2d at 1957. To support a rejection for obviousness based on the combination of separate 

prior art teachings, the PTO "must identify specifically the principle, known to one of ordinary skill , 

that suggests the claimed combination." In re Rouffet, 47 USPQ2d 1453, 1459 (Fed. Cir. 1998) 

( emphasis added ). 

Although the PTO has not satisfied its initial burden, La., of demonstrating that Paget's 
disease afflicts non-human animals — and, so, has failed to show how the skilled artisan would have 
combined Siris with teachings in the other cited references concerning the treatment of non-human 
animals — applicants provide, herewith, the Rule 132 declaration of Dr. Dominique Thibaud and 
copies of: 

- Selby, Bone, vol. 31, n°, 2002, 10-19; 
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- Hamdy, Biosphosphonates on Bones, chap. 17, Paget's disease of bone: 
Symptoms, Signs and Morbidity, 1995, Elsevier Sciences B.V.; 

- Resnick: Paget ! s disease of bone: Current Status and a look back to 1943 and 
earlier, A/7?, 150, 249-256, 1988; and 

- Frame et al., Paget's disease: a review of current knowledge, Diagnostic 
Radiology, 141:21-24, 1981. 

As stated in the Rule 132 declaration {emphasis in original): 

Siris teaches only the treatment of human patients for Paget's disease since — as 
would be understood by the skilled artisan — only humans can be treated for Paget's 
disease. Paget's disease is a purely human affliction, having no equivalent in 
veterinary medicine. There is nothing cited in the prosecution history — nor could 
there be — showing that Paget's disease is an affliction of non-human animals. 
Therefore, the teachings of Siris are strictly limited to the treatment of human 
patients. 

Per amendment to be filed concurrently herewith, the rejected claims are amended 
as in the attached Appendix. As indicated in the Appendix, claims 12-20, as 
amended, are limited to treatment of a non-human animal; thereby, rendering 
irrelevant — to amended claims 12-20 — the teachings Siris (limited to humans), as 
relied on in the rejection. 

Accordingly, the Rule 132 declaration evidences that Paget's disease is an exclusively human 

affliction and, therefore, the teachings of Siris — limited strictly to the treatment of Paget's 

disease — are irrelevant, i.e., Siris is not in the same filed of endeavor as the presently claimed 

invention and, as such, cannot be combined with Biere and Brelier to establish obviousness of the 

present claims under § 103(a). Bausch & Lomb, Inc. v. Barnes-Hind/Hydrocurve, Inc., 230 USPQ 

416 (Fed. Cir. 1986). 
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The above listed references are all general reviews of Paget's disease. None of them 
mentions the occurrence of Paget's disease in animals. They all clearly teach that Paget's disease is 
a human affliction, the etiology of which is not elucidated. 

The epidemiologic discussions in these references teach that Paget's disease affects elderly 
people, affects more men than women, has a genetic component, and is more prevalent in certain 
geographic areas. One could reasonably assume that, if Paget's disease afflicted animals as well as 
humans, these reviews would have at least mentioned it. However, none of these reviews of Paget's 
disease mentions anything about the disease in (non-human) animals and, as such, the reviews 
evidence that Paget's disease is solely a human disease. 

This is confirmed in the study by Leach et al., "The genetics of Paget's disease of the bone," 

The Journal of Clinical Endocrinology and Metabolism, 86, 1, 24-28, 2001 (provided herewith). 

As the title suggests, the authors investigated the genetics of Paget's disease (PDB). They teach that 

Paget's disease has a familial tendency suggesting a genetic predisposition. Leach et al. (page 24, 

last paragraph of left column) state f emphasis added) : 

The role of the major HLA [histocompatibility leucocyte antigen] loci on 
chromosome 6 in many human diseases makes it a logical starting point for studying 
the genetics of PDB . 

Thus, the authors identify Paget's disease as one among "many human diseases" ( emphasis added) . 
Indeed, were Paget's disease an animal — as called as human — disease, the authors would have 
presumably investigated other targets, and/or pathways. 
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Moreover Leach et al. (page 27, 1 st column, lines 3-5 from the bottom) points out that there 

is no existing animal model for Paget's disease, i.e.: 

However, until a virus is isolated or a paramyxoviral gene can be shown to induce 
PDB in an animal model, the role of the virus in the pathogenesis of PDB is still 
unclear. 

There being no animal model of Paget's disease evidences that there is no Paget's disease in an 
animal . Lack of animal model for Paget's disease is confirmed by Singer et al., "Paget's disease 
of bone," in Principles of Bone Biology . Academic press, 1996, ch. 69, 969-977 (provided 
herewith). Singer et al ( 971 of right column and 972 beginning of left column) to reproduce Paget's 
disease in mice, following injections of pagetic bone extracts. 

Singer et al. (971-973) also report a theory that infection of osteoclasts precursors by an 
animal paramyxovirus, such as canine distemper virus, may lead in humans to Paget's disease, under 
certain circumstances, such as genetic predisposition to the disease. Canine distemper is a highly 
contagious virus disease, affecting dogs in particular, that attacks the respiratory, gastrointestinal, 
integumentary, and CNS systems. Deem et al., Journal of Zoo and Wildlife Medicine, 3 1(4), 441- 
45 1 , 2000 (provided herewith). Canine distemper may also induce lesions of the bone metaphyses, 
but their histological nature is different from the bone lesions observed in Paget's disease. According 
to Singer et al., (973, beginning of right column): "The [canine distemper] histology does not 
resemble Paget's disease." Therefore, there is no similarity between the clinical signs or bone 
histological lesions associated with canine distemper infection in dogs and the ones in Paget's disease 
in man. 
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Thus Sins — limited strictly to treating a human — is not relevant to the instant claims, which 
are limited to the treatment of a non-human animal. 

Additionally, the "Response to Arguments" (final action, pages 2-3) contains an erroneous 
statement of law, erroneously characterizes applicants' arguments, and erroneously relies on a cited, 
court decision. 

"An accidental or unwitting duplication of an invention" cannot defeat patentability. In re 
Marshall, 198 USPQ 344, 346 (CCPA 1978) (had anyone followed the teachings of the cited 
reference and received the benefit of the rejected claims, "it was an unrecognized accident," 198 
USPQ at 346, because nothing in the reference inherently suggests such a benefit). 

As stated in the Rule 132 declaration ( emphasis in original ): 

Siris teaches treating Paget's disease at an early stage, i.e., for the purpose of avoiding 
complications, such as osteoarthritis. Accordingly, patients treated according to Siris 
do not suffer from osteoarthritis, or from osteoarthritis-induced lameness, i.e., 
compounds are administered to prevent osteoarthritis — caused by Paget's 
disease — not to treat osteoarthritis. As a result, Siris neither teaches nor suggests the 
treatment of lameness caused by osteoarthrosis , as recited in the rejected (and 
amended) claims.. 

In the present case, the beneficial use — "treating lameness caused by osteoarthrosis" — recited 
in the instant claims is neither taught nor suggested by Siris. If anyone followed the teachings of the 
cited reference and received the beneficial use/effect set forth in the instant claims "it was an 
unrecognized accident," Marshall, 198 USPQ at 346. Since nothing in the reference inherently 
suggests the benefit "treating lameness caused by osteoarthrosis," as recited in the present claims, 
had the benefit occurred by following Siris it would have constituted "accidental or unwitting 
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duplication" of the presently claimed invention and, therefore, cannot defeat patentability of the 

present claims. Marshall, 198 USPQ at 346. 

The erroneous statement of law evidences a misunderstanding, in general, of using the 

doctrine of inherency to defeat patentability. 

The mere fact that a certain thing may result from a given set of circumstances is not 
sufficient to establish inherency. 

Rijckaert, 28 USPQ2d at 1957( emphasis added ). An argument by the PTO "is not prior art." 28 

USPQ2dat 1957. 

That which may be inherent is not necessarily known. Obviousness cannot be 
predicated on what is unknown. 

In re Spoormann, 150 USPQ 449, 452 (CCPA 1966). 

[A] retrospective view of inherency is not a substitute for some teaching or 
suggestion which supports the selection and use of the various elements in the 
particular claimed combination. 

In re Newell, 13 USPQ2d 1248, 1250 (Fed. Cir. 1989). 

In the present case, the benefit allegedly inherent in Siris was "not. . . known" and, so, the 

alleged obviousness "cannot be predicated" on the teachings of Siris. Spoormann, 1 50 USPQ at 452. 

Reliance on an unrecognized benefit — whether inherent or not — of Siris is a "retrospective view of 

inherency," which "is not a substitute for some teaching or suggestion" in Siris "which supports" the 

rejection. Newell, 13 USPQ2d at 1250. The inherency argument by the PTO "is not prior art." 

Rijckaert, 28 USPQ2d at 1957. "New uses of old products or processes are indeed patentable subject 

matter." Perricone v. Medicis Pharmaceutical Corp., 11 USPQ2d 1321, 1328 (Fed. Cir. 2005). 
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PTO reliance on the Keller and Merck & Co. decisions — by the Federal Circuit and its 
predecessor Court — is misplaced. Applicants do not traverse the rejection by arguing simply that 
the rejected claims are distinguishable over each of the cited references taken individually. What 
applicants do argue is that there are defects in the individual references, which defects render the 
combination of these teachings — alleged by the PTO — incorrect. When a reference is relied on to 
meet limitations on a claim, in a rejection under §103 (a) based on combined prior art teachings, 
"individual defects of the reference . . . can defeat the rejection." In re Lyons, 1 50 USPQ 74 1 , 746 
(CCPA 1966). Ryko Manufacturing Co. v. NuStar, Inc., 21 USPQ2d 1053 (Fed. Cir. 1991). 

For the foregoing reasons the rejection under § 103(a) cannot be applied against any of the 
present claims. Withdrawal of the rejection appears to be in order. 

Applicants also wish to point out that careful analysis of each of the three cited references 

shows how the statement of rejection does not correctly characterize each reference's teachings, i.e., 

as a whole. Teachings of the prior art must be taken as a whole in an obviousness analysis. Ryko 

Manufacturing Co. v. Nu-Star, Inc., 21 USPQ2d 1053 (Fed. Cir. 1991). 

It is impermissible within the framework of §103 to pick and choose from any one 
reference only so much of it as will support a given position, to the exclusion of other 
parts necessary to the full appreciation of what such reference fairly suggests to one 
of ordinary skill in the art. 

In re Hedges, 228 USPQ 685, 687 (Fed. Cir. 1986). "One cannot use hindsight reconstruction to 

pick and choose among isolated disclosures in the prior art to deprecate the claimed invention." In 

re Fine, 5 USPQ2d 1596, 1600 (Fed. Cir. 1988). 
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Biere primarily concerns anti-inflammatory properties of bisphosphonic compounds of its 
formula (I). As correctly noted by the PTO, Biere does not teach or suggest the "bisphosphonic acid 
derivative" — defined by the recited Markush group of specific compounds — recited in the present 
claims. 

Moreover, Biere merely teaches that the disclosed bisphosphonic compounds have 
inflammatory activity, rendering them useful for treating inflammatory arthritis. Incidentally, as 
previously shown (on the record), the term "arthritis" — by itself— is the commonly used term for 
inflammatory diseases such as rheumatoid arthritis ; the term "arthritis" does not cover non- 
inflammatory diseases such as "osteoarthrosis," as recited in the present claims. 

Barbier is strictly concerned with bone repair , the only working "repair" example (Barbier, 
Example 1, column 4) provides results from an animal model of a fracture, i.e., Barbier (column 4, 
lines 31-32) teaches: "The principle of hemiosteotomy is to produce an incomplete fracture line." 
The teaching of Barbier is, thus, limited to repair bone damages, such as from a fracture. 

First, it is noted that fractures are specifically excluded from the scope of the present claims: 
the presently amended claim 1 refers to a process for treating lameness caused by osteoarthrosis in 
an animal not suffering from fracture. Consequently, the skilled person would not have considered 
Barbier to provide the claimed process of treatment. 

Further, osteoarthrosis primarily concerns joint disease; additionally, the bone component 
of osteoarthrosis comprises sclerosis and osteophytes (this was previously presented during the 
interview of June 2006). These lesions are thus completely distinct from fractures. As a result, the 
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skilled person would not have considered the teaching of Barbier, to provide a process of treatment 
of osteoarthrosis in animal as presently claimed. Applicants thus submit that Barbier would not have 
been considered by the skilled person, as alleged in the statement of rejection. 
Favorable action is requested. 



Respectfully submitted, 
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In 1877, Sir James Paget first described the localized skel- 
etal disease that is now known as Paget's disease of the bone 
(PDB) (1). The disease is primarily a disorder of the osteoclast 
with marked increase in bone resorption, followed by abun- 
dant new bone formation. In this report, we present a brief 
overview of the genetics of PDB; a complete review was 
recently published by Singer and Leach (2). 

PDB has a familial tendency (3-5), suggesting that there is 
a genetic predisposition. In a study of the frequency and 
characteristics of the familial aggregation of PDB in Spain, 
Morales-Piga et al (6) found that 40% of their index cases had 
at least one first-degree relative affected with PDB. In the 
pedigrees they reported, PDB seemed to be transmitted 
through either parent, suggesting an autosomal dominant 
mode of inheritance. 

Siris (7) conducted an epidemiological study of PDB in the 
United States, using questionnaires completed by 864 pa- 
tients with physician-diagnosed PDB, and compared these 
results to 500 controls of similar age. A history of PDB was 
noted in a first-degree relative in 12% of the patients, com- 
pared with only 2% of controls. The risk of first-degree rel- 
atives of a pagetic patient developing PDB was seven times 
greater than for an individual without an affected relative. 
The cumulative risk for developing PDB up to age 90 for a 
first-degree relative of a patient was 9% compared with 2% 
in individuals with unaffected relatives. This is good evi- 
dence that a gene, or genes, plays a role in the acquisition of 
the disease. 

Histocompatibility leukocyte antigen (HLA) 
association studies 

The role of the major HLA loci on chromosome 6 in many 
human diseases makes it a logical starting point for studying 
the genetics of PDB. Several studies since 1975 have exam- 
ined the possibility that there is an association between HLA 
and PDB (8-12). Although HLA typing of class I antigens 
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revealed no significant associations, significant associations 
were observed between class II antigens and PDB in two 
studies (11, 12). An increased incidence of HLA-DQW1 and 
HLA-DR2 was found in a preliminary report of 53 patients 
in Los Angeles (11). A second study of 25 Ashkenazi Jews in 
Israel revealed an increased incidence of HLA-DR2 in this 
population (12). 

Family studies 

Although multiple families have been reported with PDB, 
the average number of affected individuals in these families 
is three. Thus, these families are not sufficiently large for 
performing classical linkage analysis. However, there have 
been a few larger kindreds that have been used for linkage 
analysis. As reviewed below, analysis has identified two loci, 
one on chromosome 6 and one on chromosome 18, as sus- 
ceptibility loci for PDB. Both loci seem to play a role in PDB, 
and there is evidence from other studies that there are other 
loci yet to be identified. 

HLA linkage studies 

The first linkage studies used the HLA loci because of their 
highly polymorphic nature. In a study conducted in New 
York City (13), three families with 29 informative children (all 
over the age of 45) were used. These kindreds were typed at 
the HLA-A, -B, and -C loci. Using haplotype data, the in- 
vestigators obtained a maximum LOD (the logarithm of the 
odds ratio of a particular locus being linked or not linked to 
the disease locus) score of 2.44 with 11% recombination. 
Because a LOD score of 3 is considered linkage, these data 
were only deemed "suggestive." In a second study per- 
formed in New Zealand (14), two additional families were 
identified that seemed to segregate the disease in an auto- 
somal dominant fashion. Each family had four affected mem- 
bers. These families were genotyped for the HLA loci. Al- 
though significant linkage was not obtained with this study, 
the combined linkage analysis from both studies resulted in 
a maximum LOD score of 3.69 with 10% recombination. The 
combined data were considered sufficient for establishing a 
predisposition locus for PDB on chromosome 6 near the HLA 
loci. Two other family studies have been published that 
explored the linkage of the HLA loci with PDB (15, 16). Both 
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studies reported no linkage between the HLA loci and a PDB 
predisposition gene. However, neither family was large 
enough to exclude linkage, and the relevance of these ob- 
servations is unclear. 

Chromosome 18 linkage studies 

Familial expansile osteolysis (FEO) is a rare bone dyspla- 
sia, which is transmitted as an autosomal dominant trait (17) 
in a large kindred in Northern Ireland and a kindred in the 
United States. FEO shares some features with PDB. The bone 
lesions appear similar to early pagetic osteolytic lesions, al- 
though they occur at a much earlier age; also, these lesions 
never become sclerotic. Interestingly, osteoclasts from these 
patients contain paramyxoviral-like nuclear inclusions, 
which have also been reported in PDB (18). These results 
supported the hypothesis that FEO may be an allelic variant 
of PDB. 

Hughes et al (19) have used genetic linkage analysis to 
localize FEO to chromosome 18q. The disease shows a tight 
linkage with several polymorphic markers on chromosome 
18q, with a maximum LOD score of 11.53 and no recombi- 
nation. To further test the hypothesis that FEO is an allelic 
variant of PDB, linkage analysis has been performed between 
chromosome 18 markers and PDB disease kindreds. 

The first published linkage study with chromosome 18 
markers was performed by Cody et al (20), using one large 
pedigree. The pedigree is presented in Fig. 1. In this study, 
16 DNA samples were evaluated with a total of 12 markers 



from 18q. The maximum LOD score of 3.44 was obtained 
with genetic marker D18S42 with no recombination. This 
marker lies in the same region of chromosome 18q that is 
linked to FEO. Thus, this study supports the hypothesis that 
FEO and PDB result from mutations in the same locus or 
tightly linked loci. 

The following year, Haslam et al (21) reported a study of 
eight families with familial PDB. Using seven polymorphic 
markers, they obtained a maximum LOD score of 2.97 with 
marker D18S42 with 5% recombination. Statistically, it 
seemed that the families were genetically heterogeneous. 
Only five of the eight families had positive LOD scores in this 
region, whereas the remainder seemed to be linked to an- 
other locus. There is also a preliminary report of a French 
pedigree that is clearly linked to 18q (22). This pedigree was 
analyzed with 12 chromosome 18 markers and gave a max- 
imum LOD score of 3.10 with marker D18S68 at 1% 
recombination. 

There have been several recent reports of families with 
PDB that do not seem to be linked to chromosome 18 (21, 23, 
24). The most recent family was sufficiently large to exclude 
linkage across the entire interval (23). (A LOD score of -2 is 
needed to exclude linkage.) Unfortunately, the majority of 
the nonchromosome 18-linked families have not been eval- 
uated with markers from chromosome 6. Until positive LOD 
scores are obtained with these "unlinked" families, it is dif- 
ficult to estimate the number of predisposition loci for PDB. 



ii 



m 



0 



D18S39 


3 4 


3 4 


3 2 


3 


D18S64 


2 1 


2 1 


2 1 


4 


D18S1147 


1 6 


i 6 


1 7 


3 


D18S1148 


1 1 


I 1 


1 4 


4 


D18S42 


1 2 


1 2 


1 3 


3 


D18S51 


4 4 


4 4 


4 7 


1 


D18S55 


1 4 


1 4 


I 5 


4 



66 



s 1 



<4 4> 
<3 4> 
<3 5> 
<3 1> 
<2 1> 
<2 7> 
<5 7> 




¥1 t\bt\ 



D18S39 


1 3 


1 


3 




4 


3 


4 


3 


4 


1 


4 


3 


4 


3 


4 


2 4 


2 


4 


2 2 


DL8S64 


5 5 


5 


5 


4 


3 


4 


3 


4 


4 


4 


4 


4 


3 


4 


3 


5 4 


5 


4 


4 2 


D18S1147 


2 4 


2 


4 


3 


3 


3 


3 


3 


5 


8 


5 


3 


3 


3 


3 


5 2 


3 


2 


4 9 


D18S1148 


2 2 


2 


2 


4 


3 


4 


3 


4 


1 


2 


1 


4 


3 


4 


3 


2 2 


2 


2 


2 2 


Di8S42 


4 5 


4 


5 


3 


2 


3 


2 


3 


1 


1 


1 


3 


2 


3 


2 


1 2 


1 


2 


2 4 


D18S51 


2 3 


2 


3 


1 


2 


1 


2 


1 


7 


2 


7 


1 


2 


1 


2 


5 2 


4 


2 


2 4 


D18S55 


3 6 


3 


6 


4 


5 


4 


5 


4 


7 


5 


7 


4 


5 


4 


5 


2 6 


5 


6 


2 5 



Fig. 1. Pedigree of kindred with PDB that is linked to the loci on chromosome 18q. Black symbols represent affected individuals. An asterisk 
indicates those individuals for whom the phenotype is unknown. The disease haplotype is indicated by a rectangle. [Adapted from Cody et al 
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Role of receptor activator of nuclear factor 
kB (RANK) in FEO 

RANK ligand (RANKL) is a newly described member of 
the tumor necrosis factor (TNF) family that has been iden- 
tified as a critical osteoclastogenic factor (25-27). RANKL is 
expressed on marrow stromal cells and osteoblasts and 
seems to mediate the effects of most osteoclastogenic factors. 
In vivo studies have demonstrated that mice lacking RANKL 
develop severe osteopetrosis (28). Factors such as 1,25- 
(OH) 2 D 3/ interleukin 1, interleukin 11, and prostaglandin E 2 
seem to induce osteoclast formation indirectly by up-regu- 
lating RANKL expression on marrow stromal cells (29). 
These data suggest that RANKL may be the common me- 
diator for the effects of most osteotropic factors on osteoclast 
formation. 

The receptor for RANKL, RANK, is a member of the TNF 
receptor family and interacts with TNF receptor-associated 
factor 2 and translocates it to the nucleus to induce nuclear 
factor kB signaling. RANK is expressed on osteoclast pre- 
cursors and osteoclasts, and overexpression of RANK can 
induce nuclear factor kB signaling in the absence of RANKL 
(30). Furthermore, deletion of RANK by homologous recom- 
bination results in osteopetrosis (31). These data confirm the 
critical role of RANK/RANKL in osteoclastogenesis. 

Earlier this year, Hughes et al (32) identified the FEO gene 
on chromosome 18. Using mutational analysis, they identi- 
fied gene mutations in three different FEO families. Inter- 
estingly, all three families carried the identical mutation. The 
mutation was an 18-bp in-frame insertion in the signal pep- 
tide sequence of the RANK gene (also known as TNFRSF11A). 
The 18-bp insertion was the result of a tandem duplication 
of bases 84 through 101 in exon 1. The mutation resulted in 
stabilization of the RANK protein, which in turn increased 
RANK signaling (32). As noted above, this increased RANK 
signaling could result in increased osteoclast formation, al- 
though this has not been proven. 

Role of RANK in PDB 

With the identification of the mutated gene in FEO on 
chromosome 18, it is now possible to test the hypothesis that 
FEO and PDB are the result of mutations in the same gene. 
Hughes et al. (32) screened 90 sporadic PDB patients and 
found none with this 18-bp insertion mutation. They also 
performed mutation screening in members of four PDB fam- 
ilies who had evidence of linkage to 18q. All four of these 
families had been used in the linkage study by Haslam et al. 
(21). In one of these families, a slightly larger duplication 
involving bases 75 through 101 was observed in exon 1 (32). 
The PDB disease family with the mutation in RANK was of 
Japanese ancestry. This mutation segregated with the disease 
in this family. No other mutations were observed in the other 
three PDB families. 

In the PDB family with the RANK mutation, most of the 
affected individuals presented in their teens and early twen- 
ties with bone pain or deformity. In addition, all the patients 
were described as having dental problems and several had 
hearing impairment. This clinical description begs the ques- 
tion whether this family has PDB vs. a mild version of FEO. 
It is uncommon in PDB to have tooth loss, but this seems to 
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be almost universal for FEO (33). In addition, hearing loss in 
PDB usually occurs later in life and is associated with the 
thickening of the skull, whereas hearing loss associated with 
FEO occurs early (33). Unfortunately, clinical information 
was not provided in the publication by Hughes et al (32); 
thus, it is difficult to conclude that RANK mutations are 
associated with familial PDB, although it does not seem to 
play a major role in sporadic PDB. 

To date, there have been two large families that demon- 
strated significant linkage to chromosome 18 (20, 22). It will 
be important to thoroughly evaluate the RANK gene in these 
families before making a conclusion concerning the role of 
RANK in familial PDB. The fact that the other families first 
described by Haslam et al (21) did not show mutations in the 
RANK gene may be explained two different ways. First, the 
families may actually be linked to another locus. Clearly, 
there is more than one PDB predisposition gene, and these 
families are relatively small. Thus, linkage using these fam- 
ilies can only identify a large region that carries the predis- 
position gene. It is possible that these families are truly linked 
to chromosome 18 and that the responsible gene is near the 
RANK locus, or that they are linked to another chromosome. 
Alternatively, the "mutation" in the RANK gene could be a 
promoter "mutation" that slightly increases the gene expres- 
sion. Such a "mutation" may be only a polymorphism, and 
it may be difficult to demonstrate functional significance. 
Based on the data for the insertion mutation and the role of 
RANK in osteoclast differentiation, one would expect that 
any alterations in the RANK gene causing PDB would dem- 
onstrate increased RANK signaling. 

PDB and osteosarcoma 

In the majority of patients, PDB is asymptomatic (34). The 
5-10% of patients with symptoms have bone pain with a 
wide range of complications, including increased fractures, 
deafness, and neurological findings (35). The most devas- 
tating complication of PDB is malignant transformation of 
the bone. Although these transformations are rare, occurring 
in less than 1% of patients, they contribute significantly to the 
morbidity and mortality of the disease. There are various 
forms of malignant transformation associated with PDB, but 
the most frequent is osteosarcoma. Osteosarcoma, like most 
cancers, is believed to result from a series of genetic alter- 
ations that transform the osteoblast to a malignant state. 
There is interesting evidence to imply that there is a molec- 
ular connection between osteosarcoma and PDB (36). 

Loss of heterozygosity (LOH) mapping is a method used 
to identify tumor suppressor loci in cancer (37). Yamaguchi 
et al (38) have used LOH mapping to examine osteosarco- 
mas. They found high-frequency LOH on 3q, 13q, 17p, and 
18q, suggesting that these chromosome arms contain tumor 
suppressor genes important in the development of osteosar- 
coma. Nellisery et al (36) have further refined the location of 
this tumor suppressor gene between genetic markers D18S60 
and D18S42 (see Fig. 2). This is the same region that codes the 
FEO and the familial PDB genes. This has led us to the 
hypothesis that there is a link between the predisposition 
gene for PDB and the tumor suppressor gene for osteosar- 
coma on chromosome 18q. Interestingly, seven of seven os- 
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Fig. 2. Map of the minimal region of LOH on chromosome 18q in osteosarcoma tumors. The polymorphic loci and their estimated physical 
distances are shown across the top. Note that D18S51, D18S55, and D18S68 were not ordered in the contig. Below the map is the information 
gained from the LOH studies of each tumor. ©, No LOH; O, LOH. Uninformative markers have a dash. The arrows depict the region and the 
direction of LOH for each tumor. The minimal region of LOH in the sporadic osteosarcomas is denoted by the large shaded rectangle. [Adapted 
from Nellissery et al (36).] 



teosarcomas from PDB patients showed LOH in this region 
(36). However, it is unclear, at present, whether the PDB 
predisposition gene and the osteosarcoma tumor suppressor 
gene are one and the same gene or two tightly linked genes 
on chromosome 18q. 

Molecular analysis by Hughes et al (32) localized the 
RANK gene between markers D18S64 and D18S51, which 
was the same interval known to contain the FEO locus. Fur- 
ther mapping in our laboratory has demonstrated that the 
RANK gene lies between markers D18S60 and D18S42 (R. J. 
Leach, unpublished data), which is the critical region for the 
putative osteosarcoma tumor suppressor gene (see Fig. 2). 
These data suggest that the role of RANK in osteosarcoma 
needs to be thoroughly analyzed. 

PDB and paramyxovirus 

In addition to a genetic predisposition for PDB, many 
studies have suggested a potential viral etiology for PDB as 
well (39), because pagetic osteoclasts contain paramyxoviral- 
like nuclear inclusions. Although the presence of a virus in 
pagetic osteoclasts is still controversial, the majority of stud- 
ies have supported either measles virus or canine distemper 
virus as the paramyxovirus present in pagetic osteoclasts and 
their precursors. It is possible that the combination of a 
genetic predisposition to PDB and chronic infection of os- 
teoclast precursors by paramyxovirus may be required to 
express the pagetic phenotype in cells of the osteoclast lin- 
eage. However, until a virus is isolated or a paramyxoviral 
gene can be shown to induce PDB in an animal model, the 
role of the virus in the pathogenesis of PDB is still unclear. 

Conclusion 

PDB disease clearly has a hereditary component. Family 
studies demonstrate that there is more than one predispo- 



sition gene for PDB. The mapping of osteosarcoma tumor 
suppressor and a PDB predisposition locus on 18q makes this 
region of the genome of particular interest, and a region of 
future study. Until more extensive linkage analyses are per- 
formed on larger kindreds with classic PDB, the other sus- 
ceptibility loci for PDB will remain elusive. The identification 
of PDB predisposition genes will increase our understanding 
of the pathogenesis of this disorder and could lead to alter- 
nate treatment strategies. In addition, the identification of 
these genes will be useful for understanding bone biology 
and the molecular basis of the alterations that give rise 
to PDB. 
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Introduction 

Paget's disease is a chronic focal abnormality of bone turnover. 
Although there remains considerable controversy regarding its 
etiology, several different methods of treatment have now be- 
come available. In this review, a working party derived from 
members of the Bone and Tooth Society and the National 
Association for the Relief of Paget's Disease, has examined the 
evidence currently available regarding the diagnosis and treat- 
ment of Paget's disease in order to develop guidelines to assist in 
the management of this condition. 

In assessing the evidence available we have adopted the 
guidelines prepared by the U.S. Agency for Health Care Policy 
and Research 128 ), including: 

la. Evidence from meta-analyses of randomized controlled tri- 
als (RCTs). 
Ib. Evidence from at least one RCT. 

Ha. Evidence from a controlled study without randomization, 
lib. Evidence from another type of well-designed experimental 
study. 

III. Evidence from well-designed nonexperimental descriptive 
studies (these would include comparative studies, cohort 
studies, and case-control studies). 

IV. Expert opinions or clinical experience. 

The recommendations that we made on the basis of this 
evidence have been graded according to the level of the evidence 
that supports them. These were: 

A. Based on evidence level I. 

B. Based on evidence levels II or III. 

C. Based on evidence level IV. 

Background 

Paget's disease is a disorder in which there is a marked increase 
in bone turnover in localized parts of the skeleton. This results in 
an abnormal bone leading to expansion, structural weakness 
resulting in deformity and an increased risk of fracture, and pain. 
The alterations in bone shape result in mechanical changes but 
also can lead to pressure effects causing pain in adjacent joints 
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and nerve compression syndromes. Perhaps the most important 
nerve compression problem is involvement of the skull base 
leading to deafness. The abnormal bone has increased metabolic 
activity and blood flow, which in itself contributes to the pain 
and can also increase neurological complications as part of a 
vascular steal syndrome. 

Epidemiology 

Paget's disease appears to be particularly prevalent in popula- 
tions of northern European ancestry. A radiological study in the 
UK undertaken in the 1970s suggested that the prevalence at that 
time might be of the order of 5.4% of the population over the age 
of 55 years (grade III 19 ). There is a marked age dependency such 
that the prevalence in patients over the age of 85 years was nearly 
five times greater than that seen in those under aged 60 years. A 
similar survey undertaken at the same time in the USA suggested 
that the prevalence there was lower, at 2.3% of the population 
between the ages of 65 and 74 years (grade III 9 ). Like the British 
study, this survey also demonstrated a marked age dependency. 
A more recent study conducted using the same methodology and 
in some of the same towns within the UK suggested that the 
prevalence of Paget's disease has decreased over the intervening 
20 years (grade III 35 ). The estimate for the prevalence of Paget's 
disease in patients over the age of 55 has decreased to 2%, but the 
increasing incidence with age was maintained. Based on this 
study, the investigators estimated that 118,000 women and 
144,000 men in England and Wales have Paget's disease. 

There is no information regarding the changes in prevalence 
of Paget's disease within North America, but a study from New 
Zealand suggested a similar decline in prevalence in that country. 
In this study, clinical data from 1041 patients attending a Paget's 
disease clinic were studied. Over the period from 1973 to 1993, 
there was a reduction in the proportion of patients with severe 
disease as judged by plasma alkaline phosphatase activity and 
severity of involvement on isotope bone scan (level III 36 ). 

Clinical Burden 

Although it is generally accepted that most patients with Paget's 
disease are asymptomatic, there is no robust evidence of the 
prevalence of symptoms in patients with radiological Paget's 
disease. It is commonly accepted that around 5% of patients have 
symptoms (level IV 72 ), but estimates vary considerably. Accord- 
ingly, it is difficult to assess the true burden of Paget's disease in 
the general population. A questionnaire survey of the Paget 
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Table 1. Clinical features of Paget's disease (from refs. 65 and 75 , level 
IV) 



• Pain 
Bone pain 
Joint pain 

• Deformity 

Bowing of long bones 
Skull deformities 

• Fracture 
Complete 
Fissure fracture 

• Neurological 
Deafness 

Other cranial nerve palsies 
Spinal cord compression 

• Neoplastic transformation 



Foundation in the USA reported depression in nearly half the 
responders, with less 25% reporting that their health was very 
good or excellent (level III 58 ). However, a follow-up study 
indicated that much of the perceived ill-health was related to age 
and comorbid conditions, although the patient's perception of 
Paget's disease impact was an important determinant of health 
status (level III 59 ). There is no reliable information available 
regarding the costs of Paget's disease and its treatment. 

Diagnosis 

Clinical 

Paget's disease may present with obvious signs or symptoms or 
be an incidental finding during investigation of other conditions. 
Typical clinical features are listed in Table 1. 

Radiological 

Plain radiographs. The diagnosis of Paget's disease is primarily 
radiological. A number of different radiological features have 
been described by a variety of investigators (Table 2, level 
III 79124 - 136 ). Although a large number of differential diagnoses 
must be considered, 73 radiological diagnosis is usually not a 
problem. Where plain radiology is equivocal, computed tomog- 
raphy may be helpful, particularly if a high-resolution technique 
is used to demonstrate internal skeletal structure. 

Plain radiographs are less sensitive than scintigraphy in the 
diagnosis of Paget's disease (see later). Therefore, there is no 
benefit to be obtained from using a skeletal survey of plain 
radiographs to assess the extent of skeletal involvement when 
isotope scanning would be more sensitive and involve less 
radiation. 

Plain radiographs also are valuable in the diagnosis of sec- 
ondary complications of Paget's disease such as arthritis or 
fracture. 

• We recommend that the diagnosis of Paget's disease be con- 
firmed with plain radiology of at least one skeletal site in all 
patients with the condition (grade C). 

• Full skeletal survey is not usually appropriate to establish the 
extent of skeletal involvement. 

• Any painful areas in Paget's disease should be examined by 
plain radiographs to determine whether there is an underlying 
cause. 

Scintigraphy. Isotope bone scanning using 99m Tc-labeled 
bisphosphonate tracer is more sensitive than plain radiography in 
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the identification of pagetic lesions. One study has suggested that 
such isotope scanning will detect up to 50% more lesions than 
are visible on plain films (level III 135 ). The technique also has the 
advantage of being able to visualize the whole skeleton and thus 
assess the extent of disease. 

As knowledge of disease distribution is useful in planning 
treatment (especially to determine whether or not the base of the 
skull is involved) isotope scintigraphy should be considered in all 
patients at presentation to assess disease extent and activity. 

In contrast, scintigraphy is less specific than plain radiogra- 
phy and changes detected by isotope bone scanning may need to 
be confirmed by conventional radiography of at least one site. 

Conventional isotope scintigraphy delivers a radiation dose of 
3-5 mSv. Although this is equivalent to the background radiation 
received over a period of 2-3 years, it is comparable to the dose 
delivered by other tests that may be used in patients with Paget's 
disease. Thus, a pelvic radiograph is associated with a radiation 
exposure of 0.7-1.4 mSv, and lumbar spine films deliver 1.3-2.7 
mSv. The dose is less than with some other measurements; for 
instance, CT scanning of the trunk can deliver from 5 to 1 5 mSv. 

Attempts have been made to quantify the results of scintig- 
raphy, but these are best considered research techniques and do 
not have an accepted place in clinical practice. 

• We recommend that, although isotope scintigraphy is not the 
method of choice for the diagnosis of Paget's disease, all 
patients with Paget's disease should have scintigraphy per- 
formed to assess the extent of skeletal involvement (grade C). 

Biochemical 

Paget's disease is associated with increased bone turnover. It is 
therefore expected that markers of bone turnover will be in- 
creased in active disease. Total plasma alkaline phosphatase 
activity is elevated in 85% of patients with untreated Paget's 
disease (level IV 45 ). In many of the patients with "normal" 
alkaline phosphatase activity the disease is monostotic or con- 
fined to a small number of bones (level IV 38 ). There is a strong 
relationship between the extent of disease activity measured by 
scintigraphy and the degree of the elevation of alkaline phospha- 
tase in untreated Paget's disease (level lib 74,89 ). In patients with 
monostotic disease, bone specific alkaline phosphatase may still 
be elevated. In patients with abnormal liver function, or other 
causes of elevated alkaline phosphatase activity not due to bone, 
bone specific alkaline phosphatase might be a reasonable means 
of assessing disease activity. 

In a comparative study of different markers of bone turnover 
in patients with Paget's disease, the highest diagnostic sensitivity 
was 84%, obtained with bone specific alkaline phosphatase. The 
next most sensitive marker was total alkaline phosphatase, with 
a sensitivity of 74% (level lib 12 ). Although Paget's disease is 
primarily the result of disordered osteoclastic bone resorption the 
markers of bone resorption performed less well with lower 
sensitivity (level lib 12 ). 

• Bone specific alkaline phosphatase is less readily available 
than total alkaline phosphatase and does not exhibit major 
benefits over the more readily available total alkaline phos- 
phatase. We recommend that plasma total alkaline phosphatase 
activity be used as the standard marker of bone turnover in 
patients with Paget's disease (grade B). 

• In patients with Paget's disease, but without an elevation of 
plasma total alkaline phosphatase activity, we recommend the 
use of bone specific alkaline phosphatase as a marker of bone 
turnover (grade B). 
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• In patients with liver disease we recommend the use of bone 
specific alkaline phosphatase to monitor the activity of Paget's 
disease. 

Histological 

Bone biopsy is rarely required to establish the diagnosis of 
Paget's disease. Occasionally, it may be useful in differentiation 
from osteoblastic metastases or osteosarcoma (grade C). 

Treatments for Paget's Disease 

Symptomatic 

The main symptom of Paget's disease is pain. In some cases this 
seems to arise in association with elevated bone turnover, but 
may also be due to nerve compression as the result of bone 
deformity or coexisting arthritis. All patients need careful clinical 
assessment to determine the likely cause of the pain so that 
appropriate treatment can be given. 

Paget's bone pain resulting from increased bone turnover 
responds well to osteoclast inhibitors, whereas that arising from 
nerve compression and osteoarthritis does not. These causes of 
pain should be treated with standard measures, such as simple 
analgesics, nonsteroidal anti-inflammatory agents, or opioid an- 
algesia, either individually or in combination. Some patients will 
also benefit from the addition of low-dose tricyclic antidepres- 
sant therapy to an analgesic regimen. Physical methods of pain 
control may also be helpful. These include acupuncture, trans- 
cutaneous electrical nerve stimulation, physiotherapy, and hy- 
drotherapy. Some patients may also derive considerable benefit 
from different aids and appliances such as walking sticks and 
frames, and also shoe raises. Joint replacement should be con- 
sidered in patients with advanced osteoarthritis whose symptoms 
are resistant to medical therapy. Surgery may also be required in 
nerve compression syndromes that have not responded to med- 
ical treatment. 

Specific 

Specific therapy for Paget's disease is aimed at decreasing the 
abnormal bone turnover. Because the primary defect appears to 
be in the osteoclast, most treatments are aimed at decreasing 
osteoclastic bone resorption. 

Different therapies have been used over the years. However, 
since the introduction of the bisphosphonates, these have increas- 
ingly assumed the prime role in the management of Paget's 
disease. We therefore consider the use of these agents in some 
detail, but spend less time discussing the use of other agents more 
likely to be considered only when bisphosphonate therapy has 
failed. Because of this, their use is likely to be confined to 
specialist centers. 

Comparison of different treatment regimens is made difficult 
by the lack of any generally agreed-upon standard for therapeutic 
response. Many of the earliest reports have described the re- 
sponse in terms of percentage fall in alkaline phosphatase activ- 
ity. This perspective is seriously flawed because it does not take 
account of the absolute level of alkaline phosphatase in the 
patients, and it is not informative as to the number who obtain 
biochemical remission with normal alkaline phosphatase activ- 
ity. 

Bisphosphonates. Bisphosphonates are a class of drugs re- 
lated to the naturally occurring mineralization inhibitor, pyro- 
phosphate. They were initially developed for use in the detergent 
industry where they prevent the formation of lime scale within 
pipes. However, in biological systems their basic chemical struc- 
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ture causes them to become bound to the surface of hydroxyap- 
atite crystals within bone, especially on those surfaces undergo- 
ing active osteoclastic resorption. 

The bisphosphonates work by two main mechanisms of 
action, depending on the chemical nature of the side-chain 
attached to the basic bisphosphonate core. Nitrogen-containing 
bisphosphonates, such as pamidronate, alendronate, and risedr- 
onate, inhibit enzymes of the mevalonate pathway. Among other 
actions, this pathway is responsible for attaching lipid moieties to 
small GTP-binding proteins present in the osteoclast, which are 
essential for cell survival and activity. Inhibition of this pathway 
by bisphosphonates inhibits resorptive function and triggers 
programmed cell death (apoptosis). Non-nitrogen-containing 
bisphosphonates, such as etidronate, clodronate, and tiludronate, 
become incorporated within stable ATP analogs, which interfere 
with cellular metabolic pathways, and again trigger cell death by 
apoptosis. 

Four bisphosphonates are licensed in the UK for use in 
Paget's disease. These include etidronate, pamidronate, tiludr- 
onate, and risedronate. In addition, several other bisphosphonates 
are available in the UK for other indications and have been 
shown to be of use in the management of Paget's disease. These 
include clodronate, alendronate, and ibandronate. Other bisphos- 
phonates, including olpadronate and zoledronate, are currently 
under investigation for use in Paget's disease. 

All bisphosphonates have poor absorption from the gastroin- 
testinal tract. This is compounded by the fact that they will also 
combine with any calcium in the stomach, further inhibiting 
absorption. Thus, if a bisphosphonate is given orally, it is 
imperative that it is not given together with food or drink 
containing calcium. Each bisphosphonate available on the market 
has different instructions for use that require adherence to ensure 
proper absorption. 

Etidronate. Etidronate was the first bisphosphonate used in 
the management of Paget's disease. When given orally in doses 
of between 5 and 20 mg/kg per day, there was improvement in 
the biochemical indices of Paget's disease, as indicated by a 
reduction in alkaline phosphatase activity of between 40% and 
70% and a similar reduction in urinary hydroxyproline excretion 
(level lb 10 - 30 * 108 ). Pagetic pain was also improved. Although 
biochemical control was better with higher doses of etidronate, 
these doses were associated with more adverse effects including: 
increased gastrointestinal side-effects (level III 77 ) and increased 
rates of fracture (level III 30 ). This latter phenomenon has subse- 
quently been shown to be due to focal osteomalacia (level III 24 ). 
This can occur within 2 weeks after the institution of high-dose 
etidronate therapy (20 mg/kg per day) for Paget's disease (level 
III 57 ). 

Use of lower doses of etidronate has been associated with 
lower rates of gastrointestinal side-effects (level III 77 ) and frac- 
ture, similar to that seen in the general population (level III 70 ). 
Although such regimens may be of clinical benefit (level 
III 8 - 77 - 120 ), they have been associated with higher rates of bio- 
chemical treatment failure than the high-dose regimen. Treat- 
ment with low-dose etidronate has also been associated with 
long-term resistance to treatment (level III 11 ). 

To avoid mineralization defects, it is now recommended that 
etidronate be given in a dose of 400 mg/day for no longer than 6 
months. After a treatment-free period of 6 months it is possible 
to repeat this course of therapy. 

Pamidronate. Pamidronate was originally given orally in the 
management of Paget's disease (level n 40 . 52 - 87 - 126 ). However, 
the high incidence of gastrointestinal side-effects led to its 
universal use as an intravenous infusion. A variety of different 
therapeutic regimens have been investigated (level 
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II 3.3i.37,49,no.i25,i27.i29.i33.i38 )j but the current i y recommended 
protocol is to give either three infusions of 60 mg at intervals of 
2 weeks or six infusions of 30 mg over a similar time interval. 

These treatments are associated with a reduction of between 
50% and 80% in plasma alkaline phosphatase activity and an 
improvement in radiological (level III 41 ' 49 ) and scintigraphic 
(level in 13 - 97 . 109131 ) appearance. 

Following pamidronate therapy there is often a prolonged 
suppression of bone turnover (level III 3 M »• 66 ' 1 10 l26 ' 129 ' 1 w 38 ). 
This appears to be dependent on the administered dose of 
pamidronate and may reflect the extent to which the treatment 
has suppressed disease activity (level III 63,116 ). 

In addition to improvement in bone turnover, pamidronate 
therapy has also been associated with a reduction in bone pain 
(level n/ni 13 ' 31 ' 52 ' 86 - 87 ' 126 ' 138 ). There are a few case reports of 
patients with neurological complications of Paget' s disease im- 
proving following pamidronate therapy (level ni 44 ' 98 * 132 ). 

Although pamidronate is generally well tolerated, it has been 
associated with a substantial number of febrile reactions follow- 
ing intravenous therapy (level III 1,31 ' 49 ). These appear to be most 
common after the first infusion. In addition, some patients have 
experienced an increase in bone pain following pamidronate 
infusion (level III 31 ). More serious adverse reactions are rare, but 
include uveitis (level III 56 ' 85,94 ), which is usually self-limiting. 

The early reports of pamidronate use in management of 
Paget' s disease found no evidence of abnormal bone mineraliza- 
tion (level III 52 ). However, some patients receiving high-dose 
pamidronate treatment for Paget' s disease have evidence sugges- 
tive of a mineralization defect on bone biopsy (level III 6 ). The 
clinical significance of this is uncertain, and some have sug- 
gested that the changes were not attributable to inhibition of 
mineralization but merely a predictable response to the rapid 
changes in bone turnover rate (level IV 14 ). 

Tiludronate. Tiludronate is a sulfur-containing bisphospho- 
nate that has been available for the management of Paget's 
disease for some years. It is normally given as a 3 month course 
of 400 mg as a single daily oral dose. 

Early studies with tiludronate have demonstrated a 60% 
reduction in bone turnover (level II 16,103 ). Subsequently, double- 
blind controlled studies have demonstrated that bone turnover 
markers are better suppressed by tiludronate than placebo (level 
lb 51 ' 102 ) or etidronate (level III 106 ). These studies suggested that 
tiludronate treatment is associated with a 40%-72% reduction in 
alkaline phosphatase activity. There was also an improvement in 
patients' symptoms of pagetic bone pain. 

Tiludronate is usually well tolerated but is sometimes asso- 
ciated with looseness of the stools. 

Risedronate. Risedronate is the most recent bisphosphonate to 
be introduced for the management of Paget's disease in the UK. 
Although it is a nitrogen-containing bisphosphonate, the nitrogen 
atom is part of a pyridinyl ring. Animal studies have suggested 
that risedronate may have up to 1000 times the ability of 
etidronate to inhibit bone resorption. In the management of 
Paget's disease, it is given as a single daily dose of 30 mg for a 
period of 2 months. 

An initial uncontrolled study of 162 patients with Paget's 
disease indicated that the aforementioned dose of risedronate was 
associated with a 60%-70% reduction in alkaline phosphatase 
activity and improvement in bone pain in a significant number of 
patients (level II 121 ). These results were dependent on the dose of 
risedronate applied (level II 27 ). 

A subsequent randomized, double-blind comparison of 
risedronate with etidronate showed that alkaline phosphatase 
levels were normalized in nearly 75% of patients receiving 
risedronate, whereas only about one in seven patients receiving 
etidronate achieved normal alkaline phosphatase activity (level 
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lb 90 ). 

The improvement in bone turnover is associated with an 
improvement in radiological changes of the disease (level III 26 ). 

In the clinical trials to date, risedronate has been well toler- 
ated without significant adverse reaction. 

Clodronate. Clodronate is a first generation bisphosphonate, 
which has been licensed in the UK for use in malignant hyper- 
calcemia. It has been used for the management of Paget's disease 
in a variety of different clinical trials but is not licensed for this 
indication in the UK. It is about ten times as potent as etidronate 
at inhibiting bone resorption but avoids the risk of inhibition of 
mineralization. In Paget's disease, when given either orally or 
intravenously, it is capable of reducing bone turnover and im- 
proving pagetic symptoms (level ni 43 ' 63,139 ). 

Alendronate. Alendronate is a third generation bisphospho- 
nate that has been licensed in the UK for use in osteoporosis. In 
other countries it also has a license for use in the management of 
Paget's disease. In the latter indication the usual dose is 40 
mg/day for 6 months. The 40 mg tablet is not available in the 
UK. 

In Paget's disease, when given by either intravenous infusion 
or orally, alendronate has been associated with a marked reduc- 
tion in bone turnover, accompanied by an improvement in bone 
pain (level lb 104 and level n 2 ^ 5 - 50 . 80 ' 93 ). A single comparative 
study showed alendronate to be more potent at suppressing 
Paget's disease activity than etidronate (level lb 118 ). In addition, 
examination of radiographs showed that alendronate treatment 
leads to a cessation of radiological progression of Paget's disease 
(level III 93 ) and healing of radiological lesions (level lb 104 ). 

Ibandronate. Ibandronate is a potent new bisphosphonate. It is 
not currently available in the UK. Preliminary studies have 
shown that a single injection of 2 mg ibandronate is capable of 
suppressing disease activity in patients with Paget's disease. In 
patients in whom this had been insufficient to suppress disease 
activity, application of a higher dose was sometimes more 
effective (level II 62 ). 

Olpadronate. Olpadronate is chemically similar to pamidr- 
onate with the nitrogen atom being converted to a tertiary amine 
by the addition of two methyl groups. Preliminary studies in 
Europe and South America have suggested that the compound 
may be beneficial in the management of Paget's disease, but 
larger scale studies are awaited (level in 60 - 96 - 115 ' 130 ). 

Zoledronate. Zoledronate is a potent new bisphosphonate 
presently under development. Preliminary studies have sug- 
gested that it may be a potent agent for the treatment of Paget's 
disease (level II 15,54 and level lb 28 ). It is not yet available for 
routine clinical use. 

Comparison between bisphosphonates. Three double-blind 
studies have been performed in which bisphosphonates were 
compared with one another: Roux's study of tiludronate vs. 
etidronate (level lb 106 ); Siris's study of alendronate vs. etidronate 
(level lb 118 ); and Miller's study of risedronate vs. etidronate 
(level lb 90 ). In each study, etidronate was less effective than the 
other bisphosphonate in suppressing biochemical markers of 
disease activity. None of these studies showed a significant 
difference between the bisphosphonates in response of bone pain, 
but trends were observed in favor of the more potent bisphos- 
phonate (level lb 90 - 118 ). 

• The primary treatment for Paget's disease is inhibition of bone 
turnover using bisphosphonate. Oral tiludronate (400 mg/day 
for 12 weeks), oral risedronate (30 mg/day for 2 months), or 
intravenous pamidronate (three infusions of 60 mg at fort- 
nightly intervals or six infusions of 30 mg at weekly intervals) 
have all been shown to be effective (grade A). 
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• As other oral bisphosphonates have greater activity and fewer 
adverse effects, etidronate is not recommended in the manage- 
ment of Paget's disease (grade B). 

Calcitonins. Calcitonin is a 32-amino-acid peptide secreted 
by the C cells of the thyroid. Its primary physiological action 
appears to be the suppression of plasma calcium concentration by 
a combination of reduced bone resorption and increased urinary 
calcium losses. Its physiological significance in land-living 
mammals is unclear, although it is clearly of major homeostatic 
importance in fish. It inhibits bone resorption by a direct action 
on osteoclasts, which is mediated by calcitonin receptors that are 
found on those cells. Prior to the introduction of bisphospho- 
nates, calcitonin was the treatment of choice for the management 
of Paget's disease. Studies have shown that it is capable of 
inhibiting the activity of pagetic bone (level n 20 * 71,117 ), reducing 
the symptoms of Paget's disease (level II 20 - 71 - 1 17 ), and improving 
the radiological appearance of Paget's lesions (level II 82 ). 

As a polypeptide, calcitonin is rapidly degraded in the gas- 
trointestinal tract and therefore needs to be given parenterally. 
Initially, this was done using either subcutaneous or intramuscu- 
lar injections. Both these routes of administration have been 
associated with significant side-effects, including flushing and 
nausea and vomiting (level II 55 ' 82 ). More recently, it has been 
possible to administer calcitonin via a nasal spray with similar 
benefit, but with fewer side-effects (level n 39 "- 137 ). 

In view of the weaker activity, shorter duration of action, and 
adverse side-effect profile compared with bisphosphonates, we 
do not recommend the use of calcitonin for the first line man- 
agement of Paget's disease. It may have a role in those patients 
in whom bisphosphonates are not tolerated or have proven to be 
ineffective (grade B). 

Plicamycin. Plicamycin (formerly mithramycin) is a cytotoxic 
antibiotic capable of inhibiting osteoclast activity. Although it is 
capable of reducing bone turnover and bone pain in patients with 
Paget's disease (level ht7.47.48.67.io7.uu 12^ these effects are 
limited by severe systemic toxicity. In particular, there are 
problems with both marrow and hepatic toxicity. The drug is no 
longer routinely available in the UK and we cannot recommend 
its use outside specialist centers and, even then, only in extreme 
circumstances (grade B). 

Other agents. A variety of other agents have been used for the 
management of Paget's disease. These include gallium nitrate, 
glucagon, corticosteroids, and a variety of cytotoxic agents. None 
of these can be recommended in the routine management of 
Paget's disease (grade B). 

Surgery 

Within the management of Paget's disease, surgery is generally 
confined to the management of fracture, deformity, or arthritis. 
Although it has been suggested that, because pagetic bone is 
more vascular, there is increased risk of blood loss during 
surgery (level III 61 ), this has not been reported by all investiga- 
tors (level III 84,122 ). Nonetheless, it would appear reasonable to 
administer antipagetic therapy before surgery, if only to make 
sure that treatment of the underlying disease has not removed the 
need for surgery. 

Fracture. An increased rate of malunion has been reported for 
fractures through pagetic bone. This appears to be particularly 
the case for proximal femur fractures (level III 22 * 25 ). The inves- 
tigators recommend medical treatment for such patients prior to 
surgery (level IV), although, given the mode of presentation of 
such fractures, an approach of this type is often impractical. At 
other sites, conventional surgical techniques appear to be suc- 
cessful. 
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Deformity. Osteotomy has been used to correct deformity of 
Paget's disease, particularly if it causes pain or is associated with 
fissure fractures. More recently, some of the newer surgical 
techniques using Ilizarov fixators have been reported to be 
successful in this situation (level III 83 ). No randomized studies of 
surgical correction of pagetic deformity have been undertaken. 

• Patients with painful pagetic deformities, particularly if these 
are associated with fissure fracture, should be considered for 
surgical treatment (grade B). 

Arthritis. There is considerable experience with regard to 
arthroplasty for the management of osteoarthritis in patients with 
Paget's disease. Most recent series have reported results similar 
to those achieved in nonpagetic patients, although there is a slight 
increase in the risk of heterotopic ossification and nonunion of 
the trochanter in hip arthroplasty (level III 84 ' 122 ). 

• Patients with osteoarthritis related to Paget's disease, whose 
symptoms do not settle with medical therapy, should be con- 
sidered for surgery (grade B). 

Indications for Treatment of Paget's Disease 

A number of different criteria for the treatment of Paget's disease 
have been put forward (level iv 38 - 69 - 119 ). We examine the 
evidence for each of these indications in turn. 

Bone Pain 

Bone pain is the only complication of Paget's disease for which 
there is firm evidence that specific antipagetic therapy is asso- 
ciated with clinical benefit. There have been five placebo- 
controlled, double-blind studies of bisphosphonate treatment in 
Paget's disease in which pain was assessed as one of the 
end-points, and four of these showed that bisphosphonate was 
superior to placebo (level i«M<>2,io4,78,ioi) Qther comparat i V e 
studies of bisphosphonates have shown that pain relief tends to 
be better with more powerful bisphosphonates, although the 
differences between treatments were not statistically significant 
(level i^ 106 - 118 ). 

Pain relief has also been reported with calcitonin (level 
II 34 - 71 ) and plicamycin (level II 67 - 113 ), but this has not been 
demonstrated within the context of a randomized, controlled 
clinical trial. 

• Pain in pagetic bone is a definite indication for antipagetic 
treatment (grade A). 

Fracture 

Fracture is a common complication of Paget's disease, but the 
effects of antipagetic therapy on fracture have not been system- 
atically studied. Indeed, one early study of etidronate suggested 
that fracture risk was increased with high-dose treatment 30 ; this 
was probably the result of impaired mineralization. 

It might be expected that agents that reduce bone turnover in 
Paget's disease would improve fracture risk. However, only two 
placebo-controlled studies with detailed information on fractures 
have been performed. One study found that 1 of 9 placebo- 
treated patients suffered a fracture during a 6 month follow-up 
period compared with 2 of 41 etidronate-treated patients (level 
I 10 ). In another short-term study with oral tiludronate, one 
fracture occurred in the 400 mg dose group and none in the 
placebo group (level I 51 ). These differences were not significant 
in either study. However, both these studies had very low power 
to detect change in fracture risk, and thus it would be inappro- 
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priate to conclude that bisphosphonates do not reduce fracture 
risk. Further research is indicated. 

The effect of medical treatment on fissure fractures has not 
been studied. 

There is no evidence that treatment of Paget' s disease im- 
proves healing of fractures. 

• Treatment of Paget' s disease solely to reduce fracture risk is 
not indicated (grade C). 

• Treatment of Paget's disease following fracture to improve 
healing is not justified, (grade C). 

Prevention of Bone Deformity 

Bone deformity, particularly affecting weight-bearing long 
bones, is a common complication of Paget's disease. Suppression 
of bone turnover might be expected to help prevent bone defor- 
mity on a theoretical basis, but the effects of antipagetic therapy 
on bone deformity have not been assessed in controlled clinical 
trials. 

Clinical observations in a small number of patients have 
indicated that bisphosphonate therapy might reduce facial defor- 
mities in patients with Paget's disease (level III 21,29 ). 

• The effects of antipagetic therapy on bone deformity are 
unclear (grade C). 

• Bisphosphonate therapy may be justified in the management of 
facial deformities due to Paget's disease (grade B). 

• Therapy of Paget's disease cannot be justified solely for the 
prevention of deformity elsewhere (grade C). 

Osteolytic Lesions 

There is evidence from a controlled trial to suggest that alendro- 
nate promotes radiological healing of osteolytic lesions in 
Paget's disease (level I 104 ). Uncontrolled studies have shown 
healing of osteolytic lesions with other bisphosphonates (level 
II 26 - 41,49 ), suggesting that this may be a class effect of all potent 
bisphosphonates. The clinical significance of this is unclear and 
we do not make specific recommendations about the treatment of 
osteolytic disease in the absence of other indications for treat- 
ment. 

Prevention of Osteoarthritis 

The risk of osteoarthritis is increased in Paget's disease, but there 
is no evidence that antipagetic therapy affects the development or 
progression of osteoarthritis: 

• Because there is often diagnostic difficulty in distinguishing 
between pagetic bone pain and the pain of osteoarthritis in an 
adjacent joint, it is not unreasonable to treat patients in whom 
there is uncertainty as to the cause of pain (grade C). 

Deafness 

Deafness is a common complication of Paget's disease, but the 
effects of antipagetic treatment on development or progression of 
deafness are poorly understood. No controlled studies have been 
undertaken; however, several small clinical series have suggested 
that treatment of Paget's disease (mainly with calcitonin) can 
reduce the rate of progression of hearing loss, although no 
improvement in hearing has been seen (level ni 46 . 81 ' 88 - 123 ). i n 
view of this, and the irreversibility of hearing loss if it does 
occur, many investigators have recommended treating Paget's 
disease of the skull base to minimize the risk of developing 
deafness. 
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• In patients with Paget's disease of the skull base, treatment 
should be considered to minimize the risk of hearing loss 
(grade B). 

Quality of Life 

Two studies have examined the short-term effects of bisphos- 
phonates on functional status in Paget's. Both of these studies 
examined the effects of bisphosphonate therapies and neither 
demonstrated any significant difference following treatment (lev- 
el lb 90 ' 1 18 ). It must be remembered that quality of life was not the 
primary end-point in either of these studies and that neither study 
was designed with the appropriate power to detect small changes 
in quality of life. 

Spinal Cord Compression 

Several case reports have demonstrated the ability of calcitonin 
(level jn 33 ' 43 - 64 ' 68 ' 114 ' 134 ) and bisphosphonates (level 
III 32,43 ' 98,132 ) to improve neurological function in patients with 
Paget's disease and spinal cord dysfunction. This is in contrast to 
surgery, which has been associated with problems in a significant 
number of patients (level III 44 and level IV 76 ). As these are 
relatively rare complications, it is unlikely that it will be possible 
to undertake a randomized comparison of surgery and medical 
intervention. 

In such patients it is important to consider causes of spinal 
compression other than Paget's disease. 

• Patients who develop neurological symptoms as a result of 
spinal Paget's disease should initially be treated medically. If 
this fails to relieve symptoms then surgical decompression 
should be considered (grade B). 

Blood Loss 

It has also been suggested that antipagetic therapy given preop- 
eratively may reduce intraoperative blood loss (level IV 23 ), 
although this has been disputed by others (level III 84 ). The effect 
of antipagetic therapy on operative blood loss has never been 
studied in a randomized trial. 

Hypercalcemia 

Hypercalcaemia is a rare complication of Paget's disease due to 
a combination of increased bone turnover and either immobili- 
zation (level HI 18 ' 53 * 91 ) or hyperparathyroidism (level III 95 ' 100 ). 
Clinical observations have suggested that treatment of the un- 
derlying Paget's disease might be helpful in these circumstances 
(level III 17 ). Given the benefit of bisphosphonates in hypercal- 
caemia due to other causes it is reasonable to offer such treatment 
to hypercalcemic patients with Paget's disease. 

• Patients with Paget's disease and hypercalcemia should be 
treated with bisphosphonate (grade B). 

Sarcoma 

There is no evidence that treatment affects either the develop- 
ment or progression of Paget's sarcomata. 

Young Age 

Some experts have advised that patients presenting with Paget's 
disease at a young age should be given treatment regardless of 
other indications. There is no evidence to support this contention. 
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Monitoring Treatment 

The ultimate aim of treatment is to relieve the symptoms and 
prevent the complications of Paget's disease. In general terms, 
this is only measurable in a practical way for pain and radiolog- 
ical improvement of osteolytic lesions. In certain very specific 
situations, outlined in what follows, other clinical changes can be 
useful. 

Improvement in the biochemical markers of excess bone 
turnover is easily measured and provides the most rapid indica- 
tion of treatment effect. Although the optimum levels of reduc- 
tion in bone turnover are not fully established, the consensus 
view is that biochemical markers ideally should be suppressed 
into the population reference (normal) range. 

Biochemical Response to Treatment 

Total serum alkaline phosphatase activity is the most commonly 
used biochemical marker of disease activity (see earlier). It has 
good reproducibility (coefficient of variation 1 0%) and is sensi- 
tive to clinically important changes in disease activity. It has 
generally been accepted that a fall of 25% in total alkaline 
phosphatase activity represents a significant treatment response 
(grade C). 

Bone specific alkaline phosphatase is more sensitive and 
specific that total alkaline phosphatase (level lib 12 ), although this 
difference is unlikely to be of clinical importance for the majority 
of patients. The situations where this benefit may be of impor- 
tance include patients with liver disease, patients with monostotic 
disease, and those with total alkaline phosphatase within the 
normal range. In these patients, consideration should be given to 
using bone specific alkaline phosphatase to monitor disease 
progress. 

In all studies of bisphosphonate therapy the nadir alkaline 
phosphatase level occurred 3-6 months after commencement of 
therapy, followed by a gradual offset of treatment effect (level 
lb). We therefore recommend that bone turnover be measured 
every 3 months for the first 6 months of therapy, and thereafter 
at intervals of 6 months (grade C). 

Urinary markers of bone resorption such as deoxypyridino- 
line or hydroxyproline respond more quickly to treatment (nadir 
within 1 month posttreatment) and may also indicate relapse 
before changes in alkaline phosphatase occur. The reproducibil- 
ity of these markers is not as good, however, and 50% changes 
are required at the individual level to be significant. There is 
therefore little clinical benefit to be obtained from the routine 
clinical use of resorption markers. 

Isotope Bone Scans 

Isotype bone scans are a rather insensitive method of response 
measurement and there is considerable delay between biochem- 
ical response and improvement in bone scan (about 6 months). It 
also exposes patients to extra doses of radiation. However, in 
monostotic disease and situations wherein there is persistent pain 
despite normal bone biochemistry, repeat scans may be useful 
(grade C). 

When Should Patients Be Retreated? 

If patients do relapse they can be re-treated effectively, especially 
with potent bisphosphonates (level II 105 ' 121 ). 

There have been no clinical trials specifically evaluating 
re-treatment of Paget's disease following relapse, but a consen- 
sus exists that re-treatment is indicated when there is (all grade 
C): 
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Table 2. Radiological features of Paget's disease 



• Early disease — primarily lytic 
V-shaped "cutting cone" in long bones 
Osteoporosis circumscripta in skull 

• Combined phase (mixed lytic and sclerotic) 
Cortical thickening 

Loss of corticomedullary distinction 
Accentuated trabecular markings 

• Late phase — primarily sclerotic 
Thickening of long bones 
Increase in bone size 
Sclerosis 



1. Symptom relapse or persistence This is particularly the case 
for pain but should be confirmed by objective evidence of 
continuing disease activity. In the absence of evidence of 
continuing disease activity other causes of pain should be 
sought. 

2. Biochemical relapse In those instances where treatment has 
been based on the presence of asymptomatic disease in a 
critical site, it is necessary to base re-treatment on biochem- 
ical criteria. There is no clinical trial evidence on which to 
base criteria for this. However, it is generally accepted that an 
increase of alkaline phosphatase of 25% above nadir (even if 
the total is still within the normal range) indicates significant 
relapse. 

As the effects of treatment are generally apparent by 3 months 
after introduction of therapy, and maximal by 6 months, it is 
appropriate to offer re-treatment if a patient has failed to respond 
6 months after treatment. There is some anecdotal experience to 
suggest that such patients may respond to administration of a 
bisphosphonate that is more potent than that given originally 
(grade C). (Table 2; 42 ' 92 ) 
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Boy Frame, M.D., and Geoffrey M. Herat, M.B., B.S. 

An overview of the current knowledge on Paget disease is presented. Recent advances In- 
clude a better understanding of its etiology, pathogenesis, and effects on bone structure and 
function. The clinical and radiologic features are discussed, as are some new Ideas on treat- 
ment protocol. The therapeutic agents considered Include calcitonin, dlsodlum etidronate, 
and mlthramydn. 
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rgyAtSET disease Is a condition commonly detected 
u Tamong the elderly. Its presentation varies from a painful 
or deforming skeletal affliction to an asymptomatic dis- 
order diagnosed on routine clinical, biochemical, or ra- 
diologic assessment. Recent advances have Improved our 
understanding of this disease — its etiology, pathogenesis, 
and effects on bone structure and function. At the same 
time, new therapeutic agents offer both symptomatic relief 
and some control of the basic disease process. A con- 
ference devoted to the discussion of current concepts and 
new knowledge in Paget disease was held in March 1 980, 
sponsored by the kroc Foundation ( 1 ): 



PATHOPHYSIOLOGY 

Considerable Interest has centered on the origin of the 
bone cells involved in the disordered bone remodeling in 
Paget disease. The osteoclast which plays an important 
role In the initial phase of accelerated bone , resorption 
appears to be derived from a hemopoietic stem cell and 
probably shares a common ancestry with the macrophage 
and monocyte. The osteoblast, which generates struc- 
turally abnormal new bone, arises from a non-migratory 
connective tissue stromal cell. 

Evidence from at least two laboratories suggests a viral 
etiology for Paget disease. The evidence is based on im- 
munohistoiogy and the finding, on electron microscopy , 
of intranuclear viral irrclusjcftt within pao^tic osteoclasts ; 
In one iaboratory r immurohlstologic studies suggest a rote 
for measles virus, while in the other, tagged immunofluo- 
rescent antibodies Implicate respiratory syncytial virus 
(RSV) Viral cultures, however, have so far yielded negative 
results. In time, Paget disease may be classified among 
the slow virus infections.. It Is postulated that the long- 
standing presence of virus in bone cells leads to the fusion 
of infected with non-Infected cells, resulting in the large, 
multinucleated osteoclasts characteristic of the initial 
changes in Paget disease. Experience in the management 
of Paget disease suggests that all the areas of ultimate 



bony Involvement are probably already affected at the time 
of the initial radiologic diagnosis. While serial pathologic 
and radiologic changes do occur in a single Involved bone 
over, a period of time, the appearance of new areas of irv 
volvement In additional bones is unusual. This observation 
is compatible with the suggestion that an infective agent 
such as a slow virus has Invaded different bones at ap- 
proximately the same time. 

The altered bone remodeling Is mediated by osteoclasts 
and osteoblasts seemihgly coupled to act as basic "bone 
remodelinjg units'' (BRU's). In Paget disease, there Is a 
marked acceleration in the production rate of these basic 
BRU's, leading to an increase in the number and activity 
of these bone cells. Paget disease is initiated by an intense 
wave of osteoclastic activity, with resorption of normal ■ 
bone by giant, multinucleated cells. Normal lamellar bone 
is resorted In a haphazard fashion, resulting In bizarre and 
irregulariy-shaped resorption cavities. After a variable 
period of time, osteoblastic resorption is replaced by a 
vigorous osteoclastic response which causes exuberant 
formation of primitive or woven bone In association with 
increased vascuiarity and a pronounced connective tissue 
reaction. Some of the woven bone may eventuaily be re- 
placed by norrrol-eppearing lamellar bone; The localized 
areas of disorganized resorption cavities with Intense new 
bone formation lead to a distorted bony trabecular pattern, 
the so-called "mosaic pattern". This is due to the occur- 
rence of irregular cement lines resulting from uncontrolled 
bone resorption. Subperiosteal new bone may form and 
Increase the diameter of the skeleton in the Involved; 
area. 

Bone biopsy studies reveal that well-defined histologic 
signs of the disease can sometimes be Identified In bones 
which appear normal both clinically and radiologically. 
Moreover, bone hlstombrphic evidence points to ah in- 
crease In trabecular resorption surfaces and osteocyte 
lacunar size in otherwise uninvolved bones, which 
suggests an increased parathyroid hormone effect. It is 
proposed that increased calcium demands in the enlarging 
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pagetic bono lead to secondary hyperparathyroidism and 
increased bone remodeling in normal bones. Secondary 
hyperparathyroidism in patients with Paget disease Is 
further suggested by the finding of depressed serum cal- 
cium levels in association with increased serum immu- 
noreactive parathyroid rKKmbne levels (iPTH) and in- 
creased urinary excretion of nephrogenous c' AMP lr» some 
patients. Nephrogenous c* AMP reflects renal tubular se- 
cretion of c* AMP and is an indirect measurement of bio- 
logically active PTH. 

The increase in bone remodeling in Paget disease allows 
the utilization of bone biochemical markers, such as cal- 
cium, and products of collagen metabolism in blood and 
urine as parameters of disease activity. Calcium turnover 
is markedly Increased, ions moving in and out of the 
skeleton at rates often over 20-fold normal, yet this Is 
associated with only minimal or no change in total calcium 
balance and serum concentrations of mineral ions. Bone 
mineral that Is released by osteoclastic action is promptfy 
redeposited in areas of osteoblastic new bone formation. 
Occasionally, as a result of fracture and Immobilization,, 
more calcium may be released from the skeleton than is 
reutilized; Under these circumstances, urinary calcium and, 
more rarely, serum calcium, may increase (so-called im- 
mobilization hypercalcemia). 

Methods for studying collagen metabolism have im- 
proved, so that chemical markers of both collagen syn- 
thesis and degradation can now be measured. Type I col- 
lagen molecules released by the action of osteoclasts are 
denatured and then cleaved by proteases produced by the 
osteoclasts. The dlalyzable peptide fragments that result 
from this process contain amino acid markers such as 
4-hydroxyproHhe, hydrbxylyslne, and hydroxylysine gly- 
cosides: These can be measured in the urine and, in gen- 
eral, reflect the degree of collagen breakdown. In contrast, 
peptides detected In the urine that are non-dlalyzable are 
better correlated with collagen synthesis. Serum isoen- 
zymes for alkaline phosphatase of skeletal origin also 
reflect the extent of new bone formation. Occasionally, 
the serum alkaline phosphatase level Is normal, as, for 
example, in patients with monostotic involvement, or late 
in the disease when the pathologic process may appear 
to be quiescent. The serum acid phosphatase level may 
also be increased on occasion and probably reflects al- 
tered osteoclastic activity. Recently, a non-coilagenous 
bone-protein containing gamma carboxy-giutamic acid was 
found in increased levels in the serum of patients with 
Paget disease. Paget disease represents a human labo- 
ratory for the continuing study of chemical substances 
involved in bone resorption and formation. 

CLINICAL FEATURES 

The majority (>90%) of patients with Paget disease are 
asymptomatic. Pain of a deep-seated nature can occur and 
may be associated with bony deformity and pathologic 
fracture. Pain may result from stretching of the periosteum 
and from hyperemia. Several varieties of headache due 
to involvement of the skull have been described. The extent 



of the pain is not necessarily related to the degree of ra- 
diologic involvement and: its cause Is frequently difficult 
to differentiate, from that of the pain in degenerative arthritis 
which often occurs in joints contiguous to involved bones. 
The skin overlying the bone may be erythematous and 
warm; Any bone In the skeleton may be involved, but the 
most common sites are the skull, spine, pelvis, femur, and 
tibia. An enlarged skull, dorsal kyphosis, and bowing of the 
legs are the classic signs of advanced disease. 

New bone; may impinge upon nerves, causing cranial 
nerve palsies. This may lead to optic atrophy and dimin- 
ished auditory acuity as well as other compressive effects. 
Involvement of the base of the skull may cause brain stem 
symptomatology or may produce basilar invagination great 
enough to interfere with flow of cerebrospinal fluid,: re- 
sulting in ' 'normal-pressure' ' hydrocephalus. Paget disease 
affecting the vertebral bodies and spinal foramina may 
cause narrowing of the spinal canal with pressure on the 
spinal cord, cauda equina, and nerve roots, and result In 
marked neurologic symptoms. 

Occasionally, Increasing local pain and rising levels of 
serum alkaline phosphatase signal the complication of 
osteogenic sarcoma, which develops in about 0.15% of 
patients. Such lesions may arise simultaneously in multiple 
sites in involved bones. The lesions are most common in 
the humerus and skull, less common in the pelvis and 
femur, and they rarely occur in the lumbar spine. When 
extensive disease is present, high-output cardiac failure 
may occur; however, this Is uncommon in the absence of 
some other primary cardiac disease. 

Pathologic fractures, especially of the femur and tibia, 
are a frequent complication, in the majority of cases, 
fractures heal promptly, but nonunion occurs in up to 10% 
of cases. 

RADIOLOGIC FEATURES 

Radiologic changes in the skeleton are usually distinc- 
tive In Paget disease, but confusion in diagnosis can occur, 
the initial lytic phase may be seen as (a) a discrete ra- 
diolucent area (osteoporosis circumscripta in the skull), 
(b) a typically V-shaped resorption front, or (c) a smaller, 
flame-shaped lytic lesion in the tibia or other long bone. 
Inmost instances, mixed lytic and sclerotic phases are 
observed In the same general area of osseous Involve- 
ment The bony trabecular bundles and cortex may be- 
come thickened and irregular. Subperiosteal new bone 
may form and Increase the external diameter of the in- 
volved bone. Single or multiple fissure-fractures may occur 
on the convex surface of an involved femur or tibia and 
may superficially resemble Looser zones, like those ob- 
served In osteomalacia. 

Isotope bone scanning is more sensitive than skeletal 
radiography In detecting the early stages of the disease. 
It should be utilized for screening purposes when Paget 
disease Is suspected, as, for example, when ah elderly 
patient has an unexplained elevated level of alkaline 
phosphatase detected by automated chemical 
screening. 
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Technetium diphosphonate radionuclide scanning 
provides information on both extent and current activity 
of the disease. Early studies with gailium-67 suggest this 
may be a more sensitive bone scanning agent in Paget 
disease, but data on Its use. are only preliminary, and 
consideration of Increased cost and patient inconvenience 
make routine use as yet impractical. 

DIAGNOSIS 

The differential diagnosis of Paget disease is not usually 
difficult. A patient may present with an unexpected ele- 
vation of alkaline phosphatase detected on multichannel 
chemical screening of the serum. Isoenzyme fractionation 
may then reveal the skeletal fraction to be increased, if 
"hot spots" appear on a technetium bone scan, they may 
correspond to areas of radiologically identifiable Paget 
disease. On the other hand, the radiologic appearance may 
suggest osteoblastic metastatic bone disease; however, 
Increased external dimensions of the bone will favor the 
diagnosis of Paget disease. Osteitis fibrosa, due to hy- 
perparathyroidism, may simulate the radiologic appear- 
ance of the skull in Paget disease; but differentiation be- 
tween these two conditions will usually be possible from 
the biochemical findings. There Is evidence of an Increased 
prevalence of primary hyperparathyroidism among patients 
with Paget disease. 

MEDICAL TREATMENT 

New and effective therapeutic agents have been re- 
cently introduced. Following administration, skeletal pain 
decreases and the serum alkaline phosphatase and urinary 
hyoYoxyprollne levels, which represent measures of active 
bone remodeling, are lowered. Since most patients are 
asymptomatic, it Is often difficult to decide whether pain 
is due to Paget disease or associated degenerative arthritis 
which frequently occurs in contiguous Joints, particularly 
those of the spine, hips, and knees. On occasion, both 
conditions contribute to the patient's discomfort. It is 
probable, in fact, that the arthritis results not only from 
altered bone mechanics and gravitational forces, but also 
from a disturbance of enchondral bone formation; this 
disturbance may be related to increased vascularity of 
subchondral bone which Is associated with the Paget 
disease Itself. 

Calcitonin was the first of the newer medications found 
to be effective in treating Paget disease. Following Its use, 
pain is reduced as are serum alkaline phosphatase and 
urinary hydroxyproline excretion. Antibodies to the more 
commonly, used salmon calcitonin may occur but may not 
necessarily interfere with its therapeutic effect. Synthetic 
human calcitonin, which is not normally associated with 
antibody formation, is available In some centers. Following 
administration, osteoclastic activity decreases. Both his- 
tologic and radiologic evidence suggest that bone which 
appears normal can form after the administration of cal- 
citonin. Moreover, the temperature of the overlying skin 
may decrease, and high-output cardiac failure may im- 



prove. Other Indications for the use of calcitonin Include 
immobilization hypercalcemia, repeated fractures or 
nonunion, and neurological lesions. Administration of 
calcitonin is also indicated prior to elective orthopedic 
surgery on bones involved by Paget disease. Relief of pain 
generally occurs In a matter of weeks, but the beneficial 
effects of treatment may not be fully evident until six 
months after commencement of therapy. Following ther- 
apy, neurologic compressive features Involving the cranial 
nerves, spinal cord, and nerve roots may regress. Synthetic 
salmon calcitonin Is usually given as 50-100 MRC (Medical 
Research Council) units subcutaneously three times a 
week. For historical reasons, salmon calcitonin dosage 
is expressed in terms of units of biological activity, 100 
MRC units being equivalent to 1 mg of the newer human 
calcitonin preparations. The main disadvantage Is that 
calcitonin has to be given by Injection. Thirty per cent of 
patients report transient feelings of flushing, warmth, or 
nausea immediately following treatment. Nevertheless, 
there do not appear to be any serious local or systemic side 
effects. 

Another agent recently Introduced for the treatment of 
Paget disease is disodium etidronate, a diphosphonate. 
Diphosphonates cover bone surfaces and inhibit bone 
resorption and formation. They are not subject to enzy- 
matic degradation from pyrophosphatases. Top large; a 
dose will interfere with mineralization and may result in 
osteomalacia and an Increase In the frequency of patho- 
logic fractures. Disodium etidronate (EHDP, Didronel), the 
diphosphonate most commonly used, results in a decrease 
in skeletal pain as well as reductions In alkaline phos- 
phatase and urinary hydroxyproline levels In some 60% 
of patients. The recommended dose Is 5 mg/kg body 
weight per day, given orally for periods of six months. No 
long-term deleterious effects have been reported with 
administration of the recommended dose. Recently, far 
voraJbte experience has been reported with the use of other 
diphosphonates such as dichtorpmethylene diphosphonate 
(Cl 2 MDP), Which displays a greater inhibitory effect on 
bone resorption and only minimal inhibition of bone min- 
eralization. 

Mithramycln, an anti-tumor agent produced by Strep- 
tomyces and which Is used In the treatment of embryonal 
tumors of the testis and in resistant hypercalcemia, has 
been shown to decrease osteoclastic bone resorption. 
When given intravenously In short courses of 25 mcg/kg 
per day, bone pain is decreased and both serum alkaline 
phosphatase and urinary hydroxyproline excretion fail. 
Following administration mere have been reports of tran- 
sient elevations of hepatic enzymes In the serum, reduction 
in the peripheral platelet and leucocyte counts, and renal 
Impairment. Because of Its potential toxicity, mithramycln 
should perhaps be reserved for resistant cases or for 
special indications. 

Administration of mithramycln may be Indicated In the 
young patient with deforming Paget disease In whom an 
aggressive attempt at long-term remission is sought. An- 
other special indication may be in a case where confusion 
exists as to whether pain is arising from bone Involved wiih 
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Paget disease or from an adjacent arthritis. The former 
case may require repeated therapeutic courses of several 
days' duration. However, In the tatter case, because of the 
rapidity with which mithrarnydn appears to control the pain 
of Paget disease, a single one-day course may suffice as 
both a diagnostic and a therapeutic maneuver by relieving 
pain as well as improving the biochemical derange- 
ments. 

If a case proves resistant to therapy with either calci- 
tonin or a diphosphonate, it is reasonable to consider si- 
multaneous admlnistation of these agents, (n those cases 
which have proved resistant to treatment with calcitonin 
and diphosphonate given separately and in combination, 
favorable results and a few Jong-term remissions have 
been achieved with courses of mlthramcyln alone. 

The response to therapy should be monitored by as- 
sessing improvements In the symptomatology, the bio- 
chemical parameters (especially alkaline phosphatase) 
and, In the case of extensive or severe disease, the bone 
scan obtained after approximately six months of 
therapy. 

Paget disease should be treated when it causes skeletal 
pain and tenderness or when there are neurologic symp- 
toms; compressive fractures, marked ceformlties, or other 
complications. In patients with extensive radiologic in- 
volvement but no symptoms, the role of medications In 
preventing future fractures and complications is unclear. 



The judicious introduction of therapy would appear rea- 
sonable, but data regarding the; efficacy of such an ap- 
proach are not yet available. When evidence of severe 
involvement is present early in life, the chances of marked 
deformities and complications developing are high, and 
such sequelae might well be prevented by early, and 
perhaps Intermittent, therapy. 

Boy Frame, M.D. 

Division of Bone and Mineral Metabolism 
Henry Ford Hospital 
2799 W. Grand Btid. 
Detroit, Mi 46202 
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Paget Disease of Bone: Current Status and a Look Back to 
1943 and Earlier 

Donald Resnick 1 



Paget disease of bone (osteitis deformans) is a condition 
of unknown cause that affects approximately 3-4% of the 
population ov er the age of 40 years 11, 2 ]. Its name is a 
tribute to Sir James Paget, an astute clinician whose original 
description of the disease in 1877 [3L serves as a model to 
those of us who strive to write with clarity and precision. In 
that description. Pa ^et presented a detailed report of one 
patient whom he Tiao observed for approximately 20 years, 
as wefl as a brief summary of several otr>er individuals with 
the same disorder. Although other reports preceded his, 
Paget's account is recognized as a tesson In accurate and 
lucid writing, and the disorder is now called Paget disease. 

During the 110 years that have elapsed since Paget's 
landmark article, the disease has been the subject of intense 
interest, speculation, and investigation. It now is known that 
Paget disease shows certain geographic and . tea^Jti^Q? 
teristics: It is especially common among inrtabitantsof 13reaf 
Britain, Australia, and certain areas of continental Europe; it 
is relatively frequent in the United States but rare in Japan 
and China. Paget disease predominates in middle-aged and 
elderly individuals, although reports document its occasional 
occurrence in youno adults 141, It affects men more often than 
it affects women, and the age of onset may be slightly lower 
in men than in women [5 J. Familial history of the disease has 
been identified in some instances , with reports indicating that 
several members of a family in various generations and iden- 
tical twins may be affected [6]. Although variable in its clinical 



manifestations.! Paget disease is asymptomatic /in most in- 
stances. The disorder is^ and 
abnormal remodeling of bone. It passes through active and 
quiescent phases leading to a combination of osseous re- 
sorption and apposition that produce a distinctive pathologic 
and radiographic appearance In which irregular bone frag- 
ments have a thickened and disorganized trabecular (mosaic) 
pattern (Fig. 1). 

A reprint of the report by Groh [7J, which appeared in the 
AJR 45 years ago, precedes this paper and underscores the 
interest that radiologists have had in Paget disease. In Groh's 
report, he describes nine patients, seven men and two women 
between the ages of 35 and 63 years, with -localized" involve- 
ment of the spine (six patients), innominate bone (two pa- 
tients), or tibia (one patient). He further comments on the 
causes and natural history of the disease and the value of the 
radiographic and laboratory examination in studying its 
course; in the form of an addendum, Groh notes three other 
cases in which monostotic involvement was observed. The 
article is interesting reading and shows the modem radiologist 
what was known or believed about Paget disease more than 
4 decades ago. The information in this paper provides an 
appraisal of Groh' s report and a summary of current concepts 
of the disease. These are supplemented with quotes derived 
from the original descriptions of Paget, many of them more 
than 100 years old, which will emphasize the fact that accu- 
rate scientific writing will long be valued. 
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It is often said or implied that, in our profes- 
sion, a man cannot be both practical and 
scientific; science and practice seem to some 
people to be incompatible. Each man, they 
say. must devote himself to the one or the 
other. The like of this has long been said, and 
it is sheer nonsense. 

Sir James Paget (1894) (8J 



Etiology 



"With regard to the nature of the process . . . 
only three things could produce so great an 
increase in the size of a bone, namely, new 
growth (tumor), hypertrophy, and chronic in- 
flammation. The first of these may be at once 
set aside as out of the question, nor is the 

second much more probable than the first 

of the three causes chronic inflammation alone 
remains." 

Sir James Paget (1877), quoting Mr. Butlin (8] 



Despite the scrutiny to which Paget disease has been 
subjected, there still is no consensus about its cause, ft has 
been suggested that Paget disease is an inflammatory, he- 
reditary, n eoplastic, vascular, traumatic, endocrinologic, or 
immunologic disorder (2). Until recently, the evidence sup- 
porting any specific cause has been either nonexistent or 
Inconstant and easily refuted (9). For example, reports of 
familial aggregation of cases and of increased prevalence 
among certain ethnic groups have lead some investigators to 
argue that an autosomaldominant pattern of Inheritance is 
present, whereas other investigators have emphasized the 
fundamental role mat parathyroid hormone plays in the de- 
velopment of Paget disease. An inflammatory cause has been 
championed by numerous investigators, including Paget. In- 
deed. Groh (7], at the outset of his discussion, states in no 
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uncertain terms that the pagetic lesion must be infectious in 
nature, citing clinical manifestations consistent with infection 
(such as redness, swelling, and a localized increase in heat) 
that repeatedly have been described. 

In agreement with Paget's original hypothesis and with 
Groh's strong belief, the -theory that the cause is infectious, 
specifically a viral illness, has gained support by observations 
in a number of recently published articles (10]. Active pagetic 
bone is characterized by the presence of giant osteoclasts 
containing large numbers of nuclei. In 1974. Rebel et el {11] 
identified, by uitrastructural examination, organized groups of 
microcytinders within the nuclei arid the cytoplasm of the 
osteoclasts in areas of bone; affected with Paget disease. 
These intranuclear inclusion bodies, the presence of which 
have been corroborated ;»n subsequent; investigations (12- 
14], are not observed in osteoblasts or osteocytes in pagetic 
bone or in osseous tissue derived from patients with a variety 
of other skeletal disorders, even those characterized by os- 
teoclastic proliferation (2}. The Inclusions, however, are hot 
entirely specific for pagetic bone, having been identified withm 
giant cell tumors in patients with (15. 16} or wtthout (17i 18} 
Paget disease. Utrastructurai characteristics of the pagetic 
osteoclasts led to the hypoiiesisJthat the ihciusionS have a 
viral nature. Similar cellular characteristics; are observed in 
disorders produced by certain viruses, specifically subacute 
sclerosing panencephalitis related -to a Paramyxoyims of the 
measles group [19]. Additional morphologic evidence for a 
viral cause of the intranucfear^lndustans has included (1) the 
dense fibriBarmaterial associated with some of 'the inclusions 
is similar to that found in the nuclei of virus-infected cells; (2) 
filament bundles arid spindle-shaped structures enclosed in 
double membranes observed in the cytoplasm of some os- 
teoclasts are considered an indirect cellular response to viral 
attacks; and (3) the presence of enormous osteoclasts In 
pagetic bone is compatible with abnormalities of in vitro 
measles virus infection (20]. Certain immunolbgic data have 
reinforced this viral hypothesis (13^ 21},: and significant and 
sustained viral antibody titers against the measles virus have 
been detected in a few patients with Paget disease. Although 
the cause of the disease still is not entirely clear, ail -of the 
experimental evk^ce dted abwe would appear: to support 
the concept that Paget disease is a slowly developing viral 
infection of osteoclasts. 



Skeletal Distribution and Extent 

The most frequent seats of the osteitis have 
been ... the tibiae, femora, clavicles, spine 
and vault of the skull .-. . . The skull , became 
gradually larger, so that nearly every year, tor 
many years, his hat and the helmet that he 
wore as a member of a Yeomanry Corps 
needed to be enlarged ... The length of the 
spine thus seemed lessened; and from a 
height of six feet one inch, he sank to about 
five feet nine inches — 



Sir James Paget (1877, 1869)18] 
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The predilection of Paget disease to affect the axial skeleton 
Is well documented. Particularly characteristic is the involve- 
ment of .the iiwominate bone (20-75% of cases), sacrum (30- 
60%). spine (30-75%). and skull (25-65%). Additionally, the 
proximal long : bones, particularly the femur (25-35% of 
cases), are commonly affected. A preference for the tower 
extremities and a tendency for right-sided alterations are other 
emphasized features of the distribution of Paget disease. The 
central distribution corresponds to that of hematopoietic red 
marrow, so that the locations of Paget disease are similar to 
those of skeletal metastases; however; the relative frequency 
of tibial involvement : and Infrequency of rib involvement are 
features of Paget disease not shared by osseous metastases 
121 

Although these general characteristics of Paget disease are 
weO accepted, accurate -assessment of me precise distribu- 
tion of the disease is difficult owing to the facts that osseous 
lesions are commonly asymptomatic and that a true delinea- 
tion of the extent and sites of involvement requires an imaging 
survey of the entire skeleton. Although Paget disease is 
polyostotic in most cases, ft may be initially or totally mon- 
ostotic in 10-35% of cases. In GroH's de^ptipn of pine 
patients with nronostqtic abnormalities 17), radiographic sur- 
veys of classic target areas of the disease were used to verify 
the absence of involvement at other skeletal sites. At present, 
the assessment of the. extent of skeletal disease might be 
accomplished better with bone sdnUgraphy (Fig: . 2); As would 
be expected, areas of osseous disease are depicted as sites 
either of increased uptake of bone-seeking radiopharmaceur 
ticat agents or, in appropriate locations, of marrow; replace- 
ment [22-25]: The immediate accumulation of . radionuclide 
reflects an increased blood flow to bone, which may explain 
false-positive brain scintiscans in patients with calvarial Paget 
disease [26]. Scintigraphic, abnormalities may precede radio- 
graphic changes, underscoring the greater sensitivity of radio-: 
nuclide vs radiologic examinations. Furthermore, scintigraphy 



can document: the extent of J the initial, osteolytic phase of 
Paget disease [27], during which increased radionuclide ac- 
tivity may be part^ prominent at the advancing edge of 
bone iysis^ corresponding to : sites of intense: vascularity, 
osteoclastosis, arid new bone formation [28]. Serial bone 
scihtigraphs may provide objec^ve ev^ effects of 

various therapeutic agents (see later discussion). 

As noted by Groh [7], monostbtic Paget disease appears 
to predominate in the axial skeleton, although any portion of 
the skeleton may: represent the sole site of involvement. 
Although Paget disease confined to one bone or a portion of 
one bone may be more difficult to diagnose, characteristic 
radiographic findings generally are observed, allowing accu- 
rate differentiation from other conditions. In the tubular bones, 
a predilection for the epiphyseal area, an advancing wedge of 
radiolucency (Fig. 3), periosteal apposition of new bone lead- 
ing to widening of the osseous surface, and deformity and 
fracture are characteristic, although not invariable, features 
of Paget disease. Rareiy, narrowing or contraction of the; 
involved bone is seen [29] Diaphyseal changes without epi- 
physeal abnormality (Fig, 4) are extremely unusual butmay 
be observed, particularly in the tibia [30, 31 J Furthermore, tn 
the tibia, the proximal extent of disease may be located -not 
in the epiphysis rbUtlrv 

Monostotic liwolvement of the spine,, as was evident: in six 
of the nine patients reported by Groh [7], is not difficult to 
diagnose when ■ typical radiographic features, including: the 
picture^frame vertebral body, are. observed (Fig. 6). Groh's 
description of a second pattern of vertebral Involvement, in 
which rrtore generalized abrK>rmality leads to an ivory verte^ 
oral body, is an important observation that may alert the 
modem radiologist that Paget disease of the spine can sim- 
ulate lymphoma or skeletal metastases. Further, as illustrated 
in Groh's article, collapse of an affected vertebral body may 
compOcate accurate diagnosis unless pagetic changes in the 
remaining portions of the vertebra are identified; 
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Fig. 3.— Oateotytte phaae: tubular bono. fU- Fig. S.— Involvement of the anterior tibial tubercle, 
dlotucent wedge m dlaphyale la well-denned. 4, Lateral radiograph reveala oatootytic focua of Pagot diaoaao extending ahaflward from region of 

Fig.4.~maphyaealtnvofvemomof rad{ua.fn- tibial tuberoatty. 
vohrement of title aogment of bona without eph 8, Tmnaaxtat CT confirm* the SntraeortJcal location of procaaa. 
phyaeal mvotvement fa dlatinctty umiaual. (Courteey of H. Rodriguez, Santa Barbara, CA) 
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Natural History and Effect of Therapy 



The primary event in Paget disease is intense focal bone 
resorption that is followed by disorderly bone formation, al- 
though the coupling of bone resorption and formation in this 
disease shows considerable variation from one patient to 
another arid, indeed, from one Involved skeletal region to 
another or from one period of time to another in a single 
individual [33]. The resulting aberrations in normal bone re- 
modeling may lead to variable radiographic appearances, 



depending on the relative contributions of osseous resorption 
and apposition within the periosteal and endosteal cortical 
envelopes (34], An increased or decreased external bone 
contour and a nanowed or enlarged marrow cavity may be 
observed, in sharp contrast to the bone expansion that- was 
long regarded as a universal feature of the disease. 

Paget disease generally is considered a relentlessly pro- 
gressive disorder resulting in the conversion of normal unin- 
voived bone to abnormal bone, and, ultimately, in involvement 
of the entire bone. This concept was supported by Groh [7J, 
who indicated the variability in the rate of disease progression. 
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Numerous investigations have confirmed that variation exists 
in the rate of conversion of normal to pagetic bone, although, 
In opposition to GrorTs belief that rapid progression might be 
encountered, most studies have documented a slow, gradual 
extension of disease. The rate of progression in Paget disease 
generally has been estimated to be between 7 and 16 mm 
per year [10. 33, 35, 36]. This relatively siow rate of conver- 
sion of normal to diseased bone, combined with the three- 
dimensional nature of the process, accounts for the common 
reporting of "unchanged" disease extent on serial radiographs 
and also explains, in part, the popularity of scintigraphy as an 
effective method of monitoring the extent (and activity) of the 
disease. 

The absence of any reference to the treatment of Paget 
disease in GrorTs report is understandable, because effective 
tterapeutfc agents in this disease have been available only 
since the 1950s. One such agent Is calcitonin, a potent 
inhibitor of bone resorption, which can lead to relief of pain 



for patients with Paget disease within weeks of its adminis- 
tration and to a reduction in serum levels of alkaline phospha- 
tase and urinary levels of hyoVpxyprpfine. MO^j^-^iafta 
of extension of the disease in pagetic patients being treated 
with calcitonin has been reported to be unchanged when 
compared with that rate in untreated patients (33), radio- 
graphic improvement in the appearance of the pagetic bone 
during such treatment has been recognized by numerous 
investigators; such improvement is evident ! in both cortical 
and trabecular bone; especially during the osteolytic phases 
of the.disease [37-40]. After the therapy is stopped, a period 
of rapid bone resorption, even greater than that typical of 
untreated Paget disease, has been observed [37] , 

A second agent used in the therapy of Paget disease is 
disodium etidronate (EHDP), a diphosphonate. Oiphospho- 
riates inhibit bone resorption and mineralization by binding to 
the hydroxyapatite; crystals and inhibiting their growth and 
dissolution [2]. Although, again, an unchanged rate of pro- 
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gression of Paget disease during EHDP therapy has been 
observed m some patients [33), in most patients with the 
disease, such therapy results in a decrease in skeletal pain, 
a reduction in serum alkaline phosphatase and urinary hy* 
droxyproUne levels, and (based on evaluation of material 
derived from bone biopsies) a conversion of pagettc bone to 
a more normal tissue {41-45). However, a number of reports 
have indicated an increased frequency of fractures in patients 
with; Paget disease who have been treated with EHDP [46, 
47). a complication that may relate to drug dosage and to the 
occurrence of osteomalacia {47, 48]. Other diphosphonates 
have been suggested as therapeutic alternatives to EHDP 
(49) and one; 3-amino- 1 -hydroxypropilidene-1 . 1 -diphospho- 
nate (ADP), has been reported to significantly decrease the 
rate of disease progression (33]. 

Mithramycin is an antibiotic with cytotoxic activity that has 
been used successfully in the treatment of Paget disease, 
leading to a decrease in bone pain and an improvement in 
laboratory parameters of disease activity (2). Assessment of 
the skeletal disease by radiographic and scintigraphic tech- 
niques during therapy also has indicated a return to a more 
normal situation (50), although radiologic change is less fre- 
quent and dramatic after the use of mithramycin than after 
calcitonin treatment. Owing to its significant toxicity, mithra- 
mycin administration is best reserved for cases of Paget 
disease that are resistant to other forms of treatment [51 1. 



Although radiographic improvement; may be observed in 
the appearance of skeletal involvement in Paget disease 
during treatment with any of the aforementioned therapeutic 
agents, the changes usually are subtle and dependent on the 
stage of the disease at the time of the treatment; also, these 
changes Include a conversion of osteolytic lesions to osteo- 
sclerotic ones, consolidation of the, layered new bone, reap- 
pearance of a cortex of uniform density, restoration of cortl- 
comedullary differentiation, widening of the medullary canal, 
thinning of the cortex, a reduction in the external volume of 
the bone, and a return to normal osseous shape [2J. In 
monitoring the response of pagetic bone to any of these 
therapeutic agents, scintigraphy can show a distinct decrease 
in radionuclide accumulation in diseased areas as a marker 
of a beneficial therapeutic response {Fig. 7) [52. 53). On 
scintigraphy, recurrence of the disease is typically accom- 
panied by a rise in activity in one or more bones or by spread 
of disease into an adjacent normal bone. When these changes 
are present, they precede biochemical indicators of recurrent 
disease. 



Complications 

... As he was riding and suddenly raised his 
arm the bone broke near the shoulder ... and 
I amputated the arm at the shoulder joint. 
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In three out of the five well-marked cases that 
I have seen or read-of cancer appeared late In 
life . . . suggesting careful inquiry. 

Sir James Paget (1 877) [8J 

The musculoskeletal complications of Paget disease in- 
clude osseous deformities, fractures, neoplasms, soft-tissue 
masses, osteomyelitis, extramedullary hematopoiesis, crystal 
deposition (monosodium urate, Hydroxyapatite and, possibly, 
calcium pyrophosphate; dihydrate), neurologic abrwrmalities, 
and degenerative joint disease. Of these. Groh [7] provided 
examples of deformity of the tibia (leading to anterior bowing 
of the bone) and innominate cone (producing acetabular 
protrusion and joint-space diminution in the hip) and com- 
mented on nerve-root compression related to vertebral in- 
volvement. Spinal stenosis as a complication of Paget disease 
of the vertebral column has been confirmed subsequently in 
a number of investigations, especially those jn which CJ has 
been used to evaluate the extent of bone involvement [54- 
57]. Compression of me spinal cord can be due to expansion 
of bone from the pagetic process, collapse with hemorrhage, 
deformity, vascular compromise, or neoplastic degeneration; 
additional neurologic dysfunction in Paget disease may be 
related to changes in the base of the skull. Cauda equina 
compression in this disease has also been attributed to ossi- 
fication of extradural fat [58], and the sciatic nerve may be 
compressed either in external rotation between ah enlarged 
ischium and lesser trochanter of: the femur or in interna! 
rotation between the Bium and piriformis (59). 

Neoplastic involvement in Paget disease includes sarcom- 
atous degeneration, giant ceil tumor, and superimposition of 
another tumorous condition, such as metastatic disease, 
plasma cell myeloma, and lymphoma: Of these, sarcomatous, 
transfomnation was first recognized by Paget in some of, his 
original five patients. Its reported frequency has varied: In 
patients with widespread skeletal involvement, sarcomatous 
degeneration may occur in as many as 5-10%; with less 
extensive skeletal disease, this complication may be apparent 
in fewer than 1% of patients [60]. At present, it is generally 
believed that approximately 1% of patients with Paget disease 
develop malignant changes [2, 61. 62), although higher rates, 
on the order of. 5%„ are. still suggested [63]. Sarcomatous 
degeneration usually is observed in patients who are 55-80 
years old; it is slightly more common in men than in women, 
associated with pain and swelling, typically unifocal, and most 
commonly evident in the femur, innominate bone (Fig. 8). and 
humerus. Also, sarcomatous degeneration is apparent in 
areas of pagetic involvement; Although sarcomas 'in Paget 
disease vary widely in their ceilularity and cytologic details, 
they appear to arise from the substratum of fibrous tissue in 
the pagetic bone. Predominance of certain cells most com- 
monly leads to a diagnosis of osteosarcoma (50-60%) or 
fibrosarcoma (20-25%), although diagnoses such as chon- 
drosarcoma (10%) and, rarely, sarcoma of myeloid and mes- 
enchymal elements may be entertained. Osteolysis is the 
dominant radiographic characteristic of the sarcoma. 

Giant cell tumors in Paget disease are almost always con- 
fined to the skull or the facial bones, with rare involvement of 



other skeletal sites [64, 65]. Patients with this neoplasm are 
generally elderly and have polyostotic Paget disease. Met- 
astatic disease and Paget disease also may coexist [66], 
although the precise relationship between the two conditions 
is not clear. 

Of the articular complications of Paget disease, osteoar- 
thritis— especially in the hip (Fig: 9) and knee—is best known 
[67^-69]. the precise pathogenesis the joint changes has 
been debated, although some investigators have supported 
the concept that a disturbance in endochondral ossification is 
important [70]. Hypervascularity and rapid turnover in pagetic 
subchondral bone may lead to accelerated endochondral 
bone formation, which occurs at the expense of the articular 
cartilage. Superimposed on this intei^rence with ^ dynamics 
at the criondroosseous junction are mechanical abnormalities 
in and around the articulation. 

Finally, insufficiency (stress) fractures and acute complete 
fractures may complicate Paget disease [71, 72]; These are; 
most commonly observed in the bones of the tower extremity, 
particularly the femur .(Fig. 10) and the tibia. As the risk of. 
sarcoma is substantial in cases of complete fracture in Paget 
disease, biopsy is recommended whenever such a fracture 
develops [2]. 
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Clinical Aspects 



The Patient 

Paget's disease is a common disorder of the skeleton 
that is focal in nature and extremely variable in its clinical 
manifestations (Singer and Krane, 1990). The majority 
of patients are without symptoms. When symptoms are 
present, skeletal deformity and pain are most common. 
Deformities are usually most apparent in the skull, face, 
and lower extremities. Pain is of several origins. General- 
ized bone pain is surprisingly uncommon, but joint pain 
(nips and knees) is seen not infrequendy due to degenera- 
tive arthritis. Pain of neural or spinal origin is unusual 
but the most severe. 

A variety of complications may first bring the patient 
to medical attention. The complications depend both; on 
the affected skeletal sites and the overall extent of the 
disease (three or fewer bones are commonly involved). 
Patients with Paget's disease in the skull often develop a 
hearing deficit if the temporal bone is affected. Massive 
enlargement of the cranium is associated with basilar im- 
pression and neurological impairment^ Vertebral involve- 
ment may produce compression fractures, spinal stenosis, 
neurological impairment, and degenerative arthritis, Pag- 
et's disease in the pelvis and femurs commonly is associ- 
ated with degenerative arthritis of the hips. Involvement 
of the femur and tibia may lead to pathological fractures 



of these long bones. Nonunion of a femoral fracture is 
relatively common. Degenerative arthritis in the knees is 
also a common feature when lower extremity long bones 
are extensively involved by Paget's disease. Hie most 
serious complication is the development of a sarcoma 
which fortunately only occurs in < 1 % of patients. It al- 
ways arises in a pagetic lesion and not in unaffected bone. 

Systemic complications of Paget's disease .generally 
occur with more extensive disease. Hypercalcemia, pre- 
ceded by hypercalciuria, usually is noted with total bed 
rest and is related to the accelerated bone resorption in- 
duced by immobilization. Increased cardiac output and, 
less commonly congestive heart failure are a consequence 
of the great vascularity of bones affected by Paget's dis- 
ease. Hyperuricemia has been observed in males with 
extensive disease and may reflect increased purine 
turnover; 

Recent evidence suggests that Paget's disease occurs 
much more commonly in families than was previously 
reported. An extensive investigation of the relatives of 35 
/patients with Paget's disease in Madrid revealed that 40% 
| of the patients had at Jeast one first-degree relative with 
\the disease (Morales-Piga et ai, 1995). All studies of 
familial Paget's disease suggest an autosomal dominant 
inheritance. No genetic abnormality has been defined as 
yet that explains familial Paget's disease, but genetic 
marker: studies in a family in Northern Ireland, suggest 
linkage of the disease to the long arm of chromosome 18 
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(Hughes etai, 1994). This family probably has a variant 
of Paget's disease that results in a more aggressive clinical 
course with an earlier age of onset (Osterberg et at., 
1988). 

Radiology and Nuclear Medicine 

The diagnosis of Paget's disease is primarily ac- 
complished by roentgehographic evaluation of the 
skeleton. Over the years it has become clear that the 
disease evolves through several stages as observed by 
serial roentgenograms. 

The initial stage of the disease is represented by a 
localized area of reduced, bone, density often referred to 
as an osteolytic lesion. This ismost readily detected in 
the skull where it is found as a discrete, round or oval 
lesion in the frontal or occipital bones. It is called osteopo- 
rosis circumscripta. Paget's disease in the long bones 
almost always begins in the subchondral region of either 
epiphysis (uncommonly both may be affected; simulta- 
neously). The osteolytic process has then been seen to 
advance proximal ly or distally at —1 cm/year in the un- 
treated patient. The advancing front usually has a 
V-shaped or arrowhead appearance. 

In the most advanced stage of Paget's disease, the areas 
of previous osteolytic dominance now are characterized 
by a chaotic sclerotic , appearance, a phase that is called 
osteoblastic or osteosclerotic. In long bones the osteolytic 
phase is commonly seen preceding the osteosclerotic re^ 
gion when much of the bone has been affected by the 
disease. Another feature of this phase is considerable 
thickening of the sclerotic bone, which can reach monu- 
mental proportions in the skull. Osteolytic activity of a 
secondary nature Often can be observed as clefts Jn the 
thickened bone. It is; likely that the evolution of the dis- 
ease into its most severe form occurs, over much of the 
life span of. the patient. Two other features of the disease 
have been noted through serial roentgenographic observa- 
tions. Although the disease can slowly course through ah 
entire bone, it does not cross a joint space to affect an 
adjacent bone. Also, it is extremely rare for new lesions 
of Paget's disease to be detected at any site in the skeleton 
after the diagnosis and extent of the disease has been 
determined initially. 

Bone -scans are the most sensitive means of detecting 
pagetic lesions. Radiolabeled bisphosphonates : accumu- 
late in regions where blood flow and bone formation are 
increased and ean outline early lesions that are not detect- 
able on roentgenograms. Radioactive gallium can also 
define areas of Paget's disease activity because of uptake 
of gallium by osteoclasts. 

Histopathology 

Beginning with the; observations of Schmorl in 1932; 
it has become appreciated that me osteoclast is the domi- 
nant cell in the pathogenesis of Paget's disease. Osteo- 



clasts are increased in. number in the Haversian canals of 
the cortex in the absence of other abnormalities and: are 
in great number at the leading edge of the osteolytic front 
The osteoclasts in Paget's disease may be far greater in 
size than osteoclasts in normal bone and contain as many 
as 100 nuclei in a cross-section as compared with two or 
three nuclei in a normal osteoclast. Osteoclast of Paget's 
disease have a characteristic ultrastructural abnormality 
(Gherardi et ai, 1980; Howatson and Fomasier, 1982; 
Mills and Singer, 1976; Rebel et ai. 1974). this consists 
of microfilaments, sometimes grouped in a paracrystalliiie 
array, located in the nucleus and sometimes in the cyto- 
plasm of osteoclasts (Figure 1 ). These microfilaments are 
not seen in nohrpagetic bone or bone marrow cells. These 
inclusions closely resemble nuclepcapsid^ 
the paramyxoyiridae family , a group of RN A viruses re- 
sponsible for some of the most common childhood dis- 
eases. Despite the finding of these inclusions in the vast 
majority of patients studied, the budding; off of an infec- 
tious virus from the osteoclasts has not been reported. 

Osteoblasts are another prominent feature of the cellu- 
lar pathology of Paget's disease. Large numbers of osteo- 
blasts are often found near areas of resorbed bone and 
may even be prominent in a lesion that appears^ purely 
osteolytic by ■. X-ray . Hie osteoblasts are usual ly prism- 
shaped or polyhedral and contain abundant rough endo- 
plasmic reticulum, mitochondria, and a well -developed 
Golgi zone. These; signs of cellular activity are consistent 
with the: increased bone formation in active lesions estab- 
lished by the use of double labeling with tetracycline. 

In addition to (he increased numbers of osteoclasts and 
osteoblasts, the marrow of pagetic lesions tends to be 
grossly abnormal. The normal hematopoietic elements are 
usually absent and replaced by mononuclear cells of inde- 
terminate Origin intermixed with highly vascular connec- 
tive tissue. 

the bone matrix in Paget's disease' is highly abnormal 
in structure arid arises, as a corisequ 
bone resorption and formation. The matrix consists of a 
"mosaic!' of irregularly shaped pieces of lamellar bone 
with an erratic pattern of cement lines. The matrix is 
interspersed with numerous foci of woven bone, which, 
in adults, is ordinarily found associated with fracture 
healing. 

Biochemistry 

The biochemical findings in -Paget's disease help to 
provide an integrated assessment of the cellular events 
occurring thoughout the skeleton of affected patients. 

HistOTicaHy,;the;elrliest index of boneVmatrix resorp- 
tion was measurement of urinary hydroxyproline excre- 
tion while ingesting a low gelatin diet. This index is well 
correlated with the extent of the disease despite the fact 
that hydroxyproline is a prominent component of extra T 
skeletal connective tissue as well as skeletal collagen. 
Measurement of collagen crosslink degradation products 



Chapter 69 Paget's Disease of Boae 



971 




Figure 1 Electron* micrograph of a nuclear inclusion in an osteoclast of a patient with Paget's disease. 
The microfilaments as* seen both in longitudinal array and in paracrysial line array in cross section. [Provided 
by Dr. Barbara G. Mills.] 



in urine provides more specific measurements of skeletal 
matrix. Urinary N-telopeptide, pyridinoline, and deoxy- 
pyridinoline have all been reported to be more specific 
indices of skeletal matrix resanption and are not influ- 
enced by dietary gelatin. (Al vanez et al, 1995; Garnero 
et al, 1994) 

Serum tartrate-resistant acid phosphatase, presumably 
released by osteoclasts, appears to be another index of 
bone resorption in Paget- s disease but is not routinely 
available, (Kraenzlin et ai, 1990). 

Osteoblast activity can be asaessed by measurement in 
the scrum of total alkaline phosphatase activity, bone- 
specific alkaline phosphatase activity, osteocalcin concen- 
tration and type 1 carboxy-terrainal procollagen peptide 
concentration. Hie most useful otf these serum markers are 
the total alkaline phosphatase and bone-specific alkaline 
phosphatase (Alvarez et al, 1995; Garnero and Delmas, 
1993) For reasons that are not understood, serum osteocal- 
cin is a poor index of disease activity; similarly, the type 
I carboxy-terminal procollagen assay is insensitive to in- 
creases in bone turnover and does not change reproduci- 
bly as the disease is suppressed by medical therapy. 

Therapy 

Salmon calcitonin by injection and etidronate disodium 
by the oral route are both effective medications for Pag- 
et' s disease. They have been iro use for ~ 20 years. They 
generally suppress biochemical parameters of the disease 
by 50%: Intravenous pamidronace disodium and oral alen- 
dronate sodium are more recentu more potent bisphospho- 



nates that can reduce bone turnover to normal in the ma- 
jority of patients with Paget's disease (Singer and 
Minoofar, 1995). 

Surgery is sometimes used in Paget's disease in pa- 
tients with associated degenerative arthritis of the hip 
(total hip replacement) and of the knee (high tibial osteot- 
omy). Orthopaedic and/or neurosurgical procedures may 
occasionally be necessary after fractures and when skull 
or vertebral complications are present. 

Evidence for the Presence of Paramyxoviruses 
in Paget's Disease 



In early studies. Mills arid colleagues attempted to res- 
cue an infectious virus from cells cultured from surgical 
specimens: of Paget's disease (Mills and Singer, unpub- 
lished observations^ 1979)7 After feminiza- 
tion or after growing cells from explants of pagetic bones, 
cells were cultivated for months and then cocultivated 
with cell lines used to isolate Paramyxoviridae viruses. 
These.studies failed to demonstrate an infectious virus 
in pagetic bone. Perhaps this is not surprising since no 
anatomic evidence of an infectious virus has been found 
in any specimen of Paget's disease and the mononuclear 
cells cultured from surgical specimens rarely were found 
to exhibit nuclear inclusions. Mills and colleagues (1985) 
also attempted to develop an animal, model of Paget's 
disease by injecting crushed bone extracts or lysates from 
cells cultured from pagetic bone into the tibiae of athymic 
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osteocytes, fibroblasts, lymphocytes, and monocytes.. 
Negative results were obtained in three subjects who had 
fluorosis, fracture healing, and hyperparathyroidism, 
respectively. 

Because an epidemiological study in England indicated 
that patients with Paget' s disease were more likely to 
have had a pet dog in the past (O'Driscoll and Anderson, 
1985), Gordon and colleagues (1991) used in : situ hybrid- 
ization to examine the possibility that canine distemper 
virus might be involved in Paget* s disease. Canine dis- 
temper virus is a paramyxovirus with considerable struc- 
tural homology to measles virus. Bone biopsies from 27 
patients and 6 patients with other bone disorders (primary 
hyperparathyroidism, prostatic carcinoma, osteoporosis, 
osteomalacia and; fracture healing) were studied. Sense 
and antisense RNA probes to the riucleocapsid and fusion 
genes of the canine distemper virus were used as well 
as RNA probes to niRNA sequences of measles virus 
nucleocapsid protein. There was no demonstrable cross- 
reactiivity of these probes with the heterologous virus 
under the experimental conditions used by the investiga- 
tors. Eleven of 25 patients showed hybridization with the 
antisehse but hot the sense canine distemper virus fusion 
protein probe. Ten of 26 patients also showed hybridiza- 
tion with the antisense but not the sense probe for canine 
distemper virus nucleocapsid protein. The canine distem-. 
per virus probes produced hybridization in ~80% of mul- 
tinucleated osteoclasts* 60% of osteoblasts, and in osteo- 
cytes as well as marrow mononuclear ceils (monocytes, 
lymphocytes). No significant hybridization was found 
with the measles vims probe, and none of the control 
specimens reacted wish any of the above probes. In a 
subsequent study, Gonton and colleagues (1992) obtained 
pagetic bone for RNA extraction, reverse transcribed the 
RNA, and specifically amplified for canine distemper vi- 
rus and measles virus sequences using the polymerase 
chain reaction (PCR) technique. They found that 8/13 
patients had canine distemper virus nucleic acid se- 
quences and 1/10 patients had* measles virus nucleic acid 
sequences in the bone specimens. One patient had both. 
Dideoxy sequencing of the canine distemper virus PGR 
products revealed 2% base pair changes in a 187-bp frag- 
ment from within position 1231-1464 of the nucleocapsid 
gene as compared with the Onderstpoort strain of canine 
distemper virus. .Further support of the hypothesis that 
canine distemper virus could be involved in the pathogen- 
esis of Paget' s disease was sought by examining the bones 
of dogs with distemper infections (Mee et al, 1992). In 
2/4 dogs studied, in situ hybridization of metaphyseal 
specimens revealed strong signals with sense and anti- 
sense probes for the nucleocapsid and phosphoprotein 
genes, The osteoclasts were strongly positive but osteo- 
blasts, osteocytes and bone marrow cells were also posi- 
tive. Mee and coHeagacs (199 3) also h ave found canine 
distemper virus transcripts in the bone cells of dogs with 
metaphyseal osteopathy. This is an acute disorder affect- 
ing young rapidly growing d^gs^hosejignsj^ju^ fe- 



ver, anorexia^ and painful swollen metaphyses> Ifliehistol-, 
ogy does hot resemble Paget's diseased Although the 
presence of canine distemper virus transcripts in dogs 
with distemper or metaphyseal osteopathy does not relate 
directly to Paget's disease, it does indicate that a para- 
myxovirus can infect mammalian bone cells. This has 
also been demonstrated in vitro by incubating canine dis- 
temper virus with canine bone marrow (Mee etal, 1995). 

Additional evidence of paramyxovirus nucleocapsid 
transcripts in Paget's disease has come from the recent 
studies of Reddy and colleagues. They studied bone mar- 
row mononuclear cells obtained from aspirations of the 
iliac crests of 6 patients with radiologically demonstrable 
Paget's disease and from the aspirations of 10 normal 
subjects (Reddy et al, 1995b). Using the reverse tran- 
scriptase-PCR techniques they observed that 5/6 patients 
had measles virus nucleocapsid transcripts whereas none 
of the 10 normal subjects had detectable transcripts. Di- 
deoxy sequencing of the PGR fragments revealed several 
mutations within the position 1360-1371 bp of the nucleo- 
capsid gene as compared with the Edmonston strain of 
measles virus. These mutations are in the same region 
as the mutations reported in the canine distemper virus 
nucleocapsid gene. Since granulocyte macrophage colony 
forming units (CFU-GM), the most likely osteoclast pre- 
cursors, circulate in the peripheral blood Reddy and coir 
leagues (1995a) examined peripheral blood samples.for 
the presence of measles virus nucleocapsid transcripts by 
reverse transcriptase-PCR in Paget's disease and control 
subjects. In 4/5 patients, measles virus transcripts were 
detected. They were localized to peripheral blood mono- 
cytes (whose precursor is CFU-GM) by in- situ hybridiza- 
tion. Studies were negative in 10 control subjects. 

Inexplicably 2 studies from the United Kingdom and 
United States study have produced negative results* with 
respect to detection of Paramyxoviridae mRNA in Paget's 
disease.In one study* RNA extracts of 10 bone specimens 
failed to exhibit measles ' virus, canine distemper virus, 
respiratory syncytial virus, or parainfluenza 3 virus-tran- 
scripts after reverse stranscriptase-PCR evaluation (Rals- 
ton etal, 1991). In a second study ; both bone cells cul- 
tured from pagetic explants and bone biopsies were 
studied similarly by reverse transcriptase-PCR techniques 
for the presence of measles virus and canine distemper 
virus transcripts (Birch et al, 1994). Completely negative 
results were obtained. In the third study Nuovo and coir 
leagues (1992) also could not detect measles virus-spe- 
cific cDNA in pagetic specimens using PCR and in situ 
hybridization in combination. The explanation for the dis«? 
parate results is not apparent. 

Several studies have addressed the levels of circulating 
antibodies against various paramyxoviruses in patients 
with Paget's disease., Antibody titers have not been found 
to be greater in Paget's disease than, in control subjects. 
(Basle et al, 1983; Gordon et al, 1993; Pringle et al, 
1985). 
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The development of in vitro techniques for the study 
of the ontogeny of human osteoclasts has made it possible 
to gain new insights into the pathogenesis of Paget's dis- 
ease. Kukita and colleagues (1990) first established long- 
term cultures of marrow frbni involved bones from 
patients with Paget's disease and noted that the multinu- 
cleated cells that formed shared many of the characteris- 
tics of pagetic osteoclasts. As compared with osteoclast- 
like cells formed in normal marrow cultures, the pagetic 
osteoclast-like cells formed more rapidly and in much 
greater numbers (10- to lOOrfold greater), had increased 
numbers of nuclei and had higher levels of tartrate-resis- 
tant acid phosphatase. Examination of these cells by elec- 
tron microscopy did reveal many features of osteoclasts 
found in pagetic bone biopsies, but the characteristic nu- 
clear and cytoplasmic inclusions were not observed. As 
previously mentioned, the antigens of measles virus and 
respiratory syncytial virus nucleocapsids were detectable 
in these cells (Mills et al, 1994); apparently the nucleo- 
capsid structures do not form in this in vitro setting. 

Because the increased numbers of osteoclasts in pag- 
etic lesions are of obvious importance in the pathogenesis 
of the disease, it seemed logical to examine osteoclast 
precursors in the marrow aspirates to determine if they 
were abnormal , or whether other cells in the marrow mi- 
croenvironment were participants in the pathology. De- 
mulder and colleagues (1993) examined CFU-GM in cul- 
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tures of unfractibnated marrow mononuclear cells and 
found that CFU^GM colony formation was significantly 
increased compared with that of normal cells. Using an 
antibody that recognizes the CD34 antigen present on 
most hematopoietic precursors, they also isolated en- 
riched hematopoietic precursors and found similar num- 
bers of osteoclast precursors in pagetic and normal marr 
row aspirations. Subsequent coculture experiments with 
highly purified hematopoietic precursors (CD34+ cells) 
and nonhematopoietic marrow accessory cells (CD34- 
cells) demonstrated the growth of pagetic precursors was 
significantly enhanced by both normal or pagetic CD34- 
cells. CFU-GM colony formation was also significantly 
increased when normal CE34+ cells were cocultured with 
pagetic,- but not normal, CD34- cells. CFU-GM colony- 
derived cells from pagetic patients also formed osteoclast- 
like multinucleated cells with 1^25 dihydroxy vitamin D 3 
concentrations one-tenth of that required for normal mul- 
tinucleated cell formation. Thus these experiments sug- 
gest that osteoclast precursors are abnormal in Paget's 
disease and that other cells in the pagetic marrow micro- 
environment may stimulate the growth and differentiation 
of these abnormal precursors (Figure 3). 

A strong candidate for a significant autocrine/paracrine 
factor involved in the increased osteoclast, formation in 
Paget's disease is interleukin-6. Roodman and colleagues 
(1992) found that conditioned media from long-term pag- 
etic marrow cultures increased multinucleated cell forma- 
tion in normal marrow cultures and that antibodies to 
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Figure 3 Summary of coculture studies using highly purified osteoclast precursors from normal 
and pagetic patients and stromal cells from normal and pagetic patients. Coculture of pagetic osteoclast 
precursors with normal or pagetic stromal cells produces a significantly increased number of CFU-GM- 
derived colonies over the; expected number; When highly purified normal osteoclast precursors arc 
cocultured with normal stromal cells, the expected number of CFU-GM^erived colonies are formed. 
In contrast, when normal osteoclast precursors are cocultured with pagetic marrow stromal cells, in- 
creased CFU-GM-derived colonies are formed. These data suggest that "pagetic marrow stromal can 
increase the growth of both normal and pagetic osteoclast precursors and that the pagetic stromal cells, 
can enhance the growth of normal osteoclast precursors above expected levels. The results are presented 
as the ratio of actual over the expected number of CFU-GM colonies formed. The asterisk denotes a 
significant difference from the normal cell combination. [Adapted from Demulder et ol, 1993.) 
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interleukin-6 blocked the stimulatory activity. Antibodies 
to interleukin-1, GM-CSF and TNF-a had no effect on 
the stimulatory activity, fa situ hybridization studies dem- 
onstrated that the multinucleated cells' in the pagetic mar- 
row cultures were actively transcribing interleukm-6 
mRNA. ■ In addition, bone marrow plasma samples ob- 
tained from sites of Paget* s disease had increased levels 
of interleukin-6 in 9/1 0 patients as compared with samples 
from normal subjects. Peripheral plasma also had elevated 
intcrleukin-6 levels in 17/27 patients. In another study, 
basal plasma interleukin-6 activity was increased in 19/ 
22 patients (Schweitzer et ai, 1995). The concept that 
interleukin-6 may be an important autocrine/paracrine 
factor in Paget' s disease is also supported by the studies 
of Hoyland and colleagues (1994), who used in situ hy- 
bridization to localize the expression of interieukinA in- 
terleukin-6 receptor, and interleukin-6 transcription factor 
in the bone of patients with Paget's disease in comparison 
with those with osteoarthritis. The osteoblasts in both 
disorders expressed all three mRNAs but in Paget* s dis- 
ease interleukin-6 and its receptor mRNA showed higher 
levels of expression. In the osteoclasts of both disorders, 
the receptor and transcription factor were expressed but 
only in Paget's disease was interleukin-6 mRNA ex- 
pressed in osteoclasts. Hoyland and Sharpe (1994) also 
examined the expression of c-fos protooncogene in the 
bone of six patients with Paget' s disease by in situ hy- 
bridisation, c-fos has been found to be important in the 
regulation of osteoclasts and was markedly upregulated 
in pagetic osteoclasts and, to a lesser extent* in the osteo- 
blasts. It is possible that this.is a consequence of interleu- 
kin-6 action (Korholz et ai, 1 992), 

Ralston and colleagues (1994) also studied cytokine 
and growth factor expression; in bone explants of Paget's 
disease and in control subjects (postmenopausal women 
with and without osteoporosis and young bone graft pa- 
tients) and could not find differences between pagetic and 
nonpagetic bone. Interleukin-6 mRNA was not detected 
in 40% of the pagetic specimens from severely affected 
individuals. As in the case of the negative paramyxovirus 
studies reported by these investigators, there is no obvious 
explanation for their nonconfirmatory data. 



The Etiology, of Paget's Disease 

As has been reviewed. Paget* s disease is a focal dtsorr 
der that often occurs in multiple family members. In most 
affected individuals, it progresses slowly over many years 
without extending to new sites of involvement. The un- 
derlying pathophysiology appears to reflect a localized 
increased in the numbers of osteoclasts followed by a 
secondary increase in osteoblastic activity. The osteo- 
clasts have striking characteristics by both light and elec- 
tron microscopy. In Paget's disease the osteoclasts may be 
far greater in size than osteoclasts in normal individuals or 
in patients with diseases in which osteoclasts are activated 



such as primary hyperparathyroidism. A correlate of this 
observation is the increased number of nuclei noted in 
the pagetic osteoclast The nuclei and cytoplasm harbor 
microfilamentous inclusions that are structurally identical 
to the nucleocapsids of viruses of the Paramyxviridae . 
family. However, the structure of a mature Paramyxoviri- 
dae virus has never been reported in bone biopsy or cell 
culture specimens. Immuriohistolpgical arid molecular 
techniques have indicated the presence of Paramyxoviri- 
dae proteins and mRNA in patients with Paget's disease. 
Finally interleukin-6 has been implicated as a potential 
important mediator of osteoclast function in Paget's dis- 
ease. Based on this information, it seems reasonable to 
propose the hypothesis that Paget's disease represents a 
slow virus infection of bone. 

Slow (or persistent) viral infections of the nervous sys- 
tem have been studied since the mid-1960s when Bjom 
Sigurdssonj an Icelandic veterinary, virologist, identified 
several viral disorders in sheep which exhibited a pro- 
longed incubation period before the occurrence.of symp- 
toms. In man, the best studied disorder of this type is 
subacute sclerosing panencephalitis (SSPE). A small per- 
centage of children experience an often fatal neurological 
syndrome ~5 years after a classical measles infection (ter 
Meulen et ai, 1983). It proved quite difficult to rescue 
an infectious virus from brain specimens from patients 
with SSPE although nucleocapsid-iike structures similar 
to those in Paget's disease were abundant Persistent: in- 
fection of human glioma cell lines with measles virus has 
been shown to result in the induction of interleukin-6 
(Schneider-Schaulies etal, 1993). This observation may 
be relevant to Paget's disease. Examination of measles 
virus genes from a brain specimen of a SSPE patient 
revealed that nearly 2% of the nucleotides were mutated 
during persistence and that 35% of these mutations re- 
sulted in amino acid changes (Cattaneo et al, 1988). This 
also appears analogous to findings in Paget's disease. 

The existence of persistent viral infections of the ner- 
vous system provides a model for pursuing a similar 
pathogenesis of Paget's disease. An acute viral infection 
with one of several paramyxoviruses could result in the 
establishment of a persistent viral infection in one or more 
bone and/or bone marrow cells, particularly in genetically 
susceptible individuals. This could trigger the initial os- 
teoclastic stimulus with interleukin-6 as an important in- 
termediary. Subsequently the normal osteoblastic re- 
sponse to bone resorption may become overzealous in 
response to the continuing pathologic osteoclastic 
activity. 

Many issues need to be resolved before the viral hy- 
pothesis of Paget's disease can be accepted. The charac- 
teristic osteoclast nuclear and cytoplasmic inclusions of 
Paget's disease have also been noted in some patients 
with giant cell tumors of bone (Schajowicz et al, 1985). 
pyenodysostosis (Beneton et al, 1987), osteopetrosis 
(Mills et al, 1988), and primary, oxalosis (Bianco et al % 
1992), Does this mean that the inclusions are merely inci- 
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dental findings in all these disorders or in the appropriate 
genetic setting does a persistent viral infection trigger the 
pathology? 

it is of considerable importance to determine the com- 
plete sequences of the Paramyxoviridae proteins and 
genes found in the pagetic specimens. This would clarify: 
whether there were two viruses in many lesions, whether 
gene recombination occurs, or whether mutations over 
time account for the finding of measles and respiratory 
syncytial virus antigens in the same osteoclasts. 

In the past there has been no evidence that; canine 
distemper virus is responsible for. any human disorder. 
The finding of antibodies to canine distemper virus in the 
circulation of patients with Paget' s disease and in control 
subjects is consistent with mis possibility; These antibody 
titers did not correlate with antibodies to measles, virus 
in these individuals (Gordon ct at, 1993). 

Of particular interest is what, accounts for the focal 
nature of Paget* s disease when circulating mononuclear 
cells can be demonstrated to contain measles virus tran- 
scripts? It seems reasonable to propose that the marrow 
microenvironment is critical for maintenance of the local- 
ized lesions. It remains for future studies to fully define 
the cytokines stimulated by the bone cells and marrow 
stroma which interact to produce the florid: advancing 
pathology of a pagetic lesion. 

Clearly it will require many more investigations into 
the mechanism of the proliferation of osteoclasts in Pag- 
et- s disease before the etiology of this common skeletal 
problem will be understood fully. 
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Abstract: Canine distemper virus is a member of the genus Morbillivirus in the family Paramyxoviridae. Canine 
distemper has been recorded in domestic dogs for centuries. It is now recognized as a worldwide problem of carnivores 
and has the second highest fatality rate of any infectious disease, after rabies, in domestic dogs. The importance of 
this disease in nondomestic animals has become evident with vaccine-induced infections in a variety of species and 
large-scale epidemics in captive and free-ranging felids. To date, canine distemper has been reported in all families of 
terrestrial carnivores: Canidae, Felidae, Hyaenidae, Mustelidae, Procyonidae, Ursidae, and Viverridae. Veterinarians, 
including those working with nondomestic carnivores, should be familiar with the clinical signs, diagnosis, and clinical 
management of this disease. 
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INTRODUCTION 

Canine distemper (CD) is the most important 
worldwide infectious disease of domestic dogs {Ca- 
ms familiaris), and its fatality rate is second only 
to that of rabies. 122 CD is caused by canine distem- 
per virus (CDV), first isolated by Carre in 1905. 30 
Clinical distemper has been known for centuries. 76 
In recent years, vaccine-induced infections have oc- 
curred in a variety of species, 26 - 28 • 63 • 74 • 88 * 94 ■ ,2, ■ ,23 as 
have large-scale epidemics in felids. ,4J 13 Canine 
distemper virus may have the most far reaching im- 
plications of any infectious agent for susceptible 
free-living and captive carnivores. 93 The discoveries 
of related viruses, such as phocine and delphine 
morbilliviruses, 103 ' 127 and CDV's similarity to the 
measles virus suggest viral mutability and a zoo- 
notic potential for CDV. 

HOST RANGE 

Although CD occurs worldwide in carnivores, 
much of its natural history is unknown. Evidence 
of CDV infection has been reported in all families 
of terrestrial carnivores: Canidae, Felidae, Hyaeni- 
dae, Mustelidae, Procyonidae, Ursidae, and Viver- 
ridae. 9 - 24 " 45 - 54 - 6, - 83 93 ' 97 ' ,1 ° The red or lesser panda (Ail- 
urus fulgens) and giant panda (Ailuropoda melan- 
oleuca) have been included in the Ursidae for this 
review. 100J0,J34 

Morbidity and mortality vary greatly in carni- 
vores. The case fatality rate of domestic ferrets 
(Mustela putorius furo) approaches 1 00%, 39 where- 
as 50-70% of infected domestic dogs may remain 
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asymptomatic carriers. 59 Fatal CDV infections have 
also been experimentally induced in suids and pri- 
mates.' 3 - 86135 Natural cases of CDV-induced fatal en- 
cephalitis have been documented in a Japanese ma- 
caque {Macaca fuscata) 136 and collared peccaries 
(Tayassu tajacu)." Within the U.S., regular epidem- 
ics occur in free-ranging raccoons {Procyon lotor), 
a species that may play a role in CD epidemiology 
in domestic dogs in that region. 67,89 114 Conversely, 
in regions of the world where CDV vaccination is 
not widely employed (e.g., parts of Africa), do- 
mestic dogs may serve as a reservoir for free-rang- 
ing wildlife. 3113 

ETIOLOGIC AGENT, TRANSMISSION, AND 
PATHOGENESIS 

Canine distemper virus, a relatively large (150- 
250 nm) single-stranded RNA virus with a lipopro- 
tein envelope, is a morbillivirus in the family Par- 
amyxoviridae. 59122 Three other well-known diseases 
are caused by members of the Morbillivirus genus: 
measles in primates, rinderpest in artiodactylids, 
and peste des petits ruminants in small ruminants. 
Three recently discovered viruses, phocine distem- 
per virus in seals and cetacean morbilliviruses in 
porpoises and dolphins, also belong to this ge- 

nus 103,127 

The major mode of CDV transmission is through 
aerosolization of respiratory exudate containing vi- 
rus, although other body excretions and secretions 
(e.g., urine) can result in infection in susceptible 
hosts if aerosolized. Canine distemper is highly 
contagious, and viral shedding may follow infec- 
tion for 60-90 days. 59 Transplacental infection has 
been documented in domestic dogs. 77 The epide- 
miologic role of vertical transmission in CD and 
whether or not such transmission can occur in non- 
domestic species are unknown. Although usually 
short-lived in the environment, the virus can sur- 
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vive at lower temperatures (e.g., 48 hr at 25°C and 
14 days at 5°C) ,n and may be transmitted either by 
direct contact or by fomites. 

Natural CD pathogenesis in domestic dogs has 
been well characterized and may be similar in non- 
domestic species. A systemic infection with viremia 
is often present. Central nervous system (CNS) in- 
volvement is variable and dependent on the host's 
immune response. Within 24 hr of entering the re- 
spiratory tracts, virus spreads in macrophages via 
local lymphatics to tonsils and bronchial lymph 
nodes. Replication of the virus occurs in the tonsils 
and bronchial lymph nodes 2-4 days postinfection; 
concurrently, low numbers of CDV-infected mono- 
nuclear cells are found in other lymphoid organs. 
Within 4-6 days, virus proliferates widely in lym- 
phoid organs (e.g., spleen, mesenteric lymph nodes, 
Kupffer's cells in the liver, and the lamina propria 
of the stomach and small intestine) and spreads, 
probably through blood, to epithelial and CNS tis- 
sues within 8-9 days of infection. The pathogenesis 
within 9-14 days depends on the humoral and cell- 
mediated host immune response. Dogs with ade- 
quate antibody titers and cell-mediated cytotoxicity 
will clear the virus from most tissues with no clin- 
ical signs, whereas dogs with a poor immune re- 
sponse experience viral spread to many tissues. 
Dogs with an intermediate cell-mediated response 
and delayed humoral response will have most virus 
in epithelial tissues cleared as antibody titers rise. 
In these latter dogs, delayed CNS signs and hyper- 
keratosis of the foot pads ("hard pad disease") may 
result when virus persists in uveal, neural, and in- 
tegumental tissues. 7 - 59 

SUSCEPTIBILITY/CLINICAL SIGNS 

Clinical signs of CD are influenced by virus 
strain virulence, environmental conditions, host age 
and immune status, and the infected species' iden- 
tity. In all species, the respiratory, gastrointestinal, 
integumentary, and CNS systems are most com- 
monly affected. Diphasic fever and general malaise 
are often associated with viremia. Infections, prob- 
ably secondary to leukopenia, are common and 
may complicate the clinical course. 

Canidae 

Up to 70% of infections in domestic dogs may 
be subclinical. 59 Mild illness, with nonspecific list- 
lessness, partial anorexia, fever, and upper respira- 
tory tract infection, may occur. However, the acute 
generalized form has a high mortality rate in do- 
mestic dogs, with a 14-18-day incubation period 
and an initial transient fever and leukopenia 4-7 
days postinfection. Clinical signs in acute general- 



ized CD are related to the respiratory and gastro- 
intestinal systems and include conjunctivitis, pneu- 
monia, diarrhea (often hemorrhagic), anorexia, and 
severe dehydration. A neurologic manifestation of 
CD may occur 1-3 wk after recovery from acute 
generalized infection. 7125 Additionally, neurologic 
distemper can occur in dogs of any age that had no 
or mild systemic signs and may manifest as chronic 
progressive neurologic dysfunction in older dogs 
(usually over 6 yr of age). Neurologic complica- 
tions depend on viral distribution in the CNS and 
may include hyperesthesia, cervical rigidity, sei- 
zures, cerebellar and vestibular signs, and parapa- 
resis or tetraparesis with sensory ataxia. Myoclo- 
nus, the involuntary twitching of muscles in a 
forceful simultaneous contraction (often leading to 
"chewing gum" fits), is also highly suggestive of 
CD. 23 Additional signs of CDV in the domestic dog 
include digital hyperkeratosis (hard pads) and optic 
neuritis, chorioretinitis, and uveitis. 51 In young 
dogs, juvenile cellulitis and metaphyseal bone le- 
sions and irregularities to the surface of teeth due 
to enamel hypoplasia may be evident.' 84284 

Nondomestic canid species vary in CDV suscep- 
tibility, although clinical signs in acute generalized 
disease often resemble those described for the do- 
mestic dog. Natural and/or vaccine-induced CDV- 
associated disease has been documented in African 
wild dogs (Lycaon p ictus), l f 5 * 7 126 Australian din- 
gos (Canis dingo)™ South American bush dogs 
(Speothos venaticus),™ maned wolves (Chrysocyori 
brachyurus), 123 bat-eared foxes (Otocyon megalo- 
tis), 6 * 90 kit foxes (Vulpes macrotis macrotis), 16 rac- 
coon dogs (Nyctereutes procyonoides), 16 * 2 coyotes 
(Canis latrans) 3 ™ 2 * 3 red foxes (Vulpes vulpes), 16 '* 0 
and gray foxes (Urocyon cinereargenteus). 16 - 6367 
CD-related mortalities have also been suspected in 
free-ranging wolf (Canis lupus) pups 71 and fennec 
foxes (Fennecus zerda). 93 All can ids may be sus- 
ceptible to CDV. 

Felidae 

Subclinical CDV infection in domestic cats (Fel- 
is catus) has been demonstrated experimentally, 13 
and CD disease has been reported sporadically in 
nondomestic felids. 2235 ' 48 - 58 ' 108124 During a 1992 CD 
epidemic among 74 large captive felids, infection 
was histopathologically confirmed in African lion 
(Panther a led), tiger (Panther a tigris), leopard 
(Panthera pardus), and jaguar (Panthera onca). 1 * 
Forty-seven percent of these cats became ill and 
23% died, with signs of gastrointestinal, respirato- 
ry, and CNS disease. Sixty percent of ill cats man- 
ifested CNS disease with or without preceding gas- 
trointestinal and respiratory disease. Generalized 
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seizure activity, the most common neurologic ab- 
normality, usually culminated in acute death. With 
rare exceptions, animals that experienced mild dis- 
ease and recovered had high CDV neutralizing an- 
tibody titers, whereas those that died or were eu- 
thanatized had low or no detectable titers. Hyper- 
keratosis of the foot pads did not appear in any 
case. Histopathologic lesions identified in the lungs 
and the CNS differed from those in canid species 
(see pathology section). Only members of the genus 
Panthera died, however, several mountain lions 
(Felis concolor) demonstrated vague gastrointesti- 
nal or respiratory system signs. One clinically 
healthy mountain lion was shown by a CDV neu- 
tralization test to have serocon verted during the ep- 
idemic. Disease was not identified in such small 
felid species as bobcat {Felis rufus), serval (Felis 
serval), and margay (Felis wiedii) in this collection. 
A serologic survey of several other private and zoo- 
logic collections revealed CDV neutralizing anti- 
body in a variety of healthy cats, some with a past 
history of gastrointestinal or respiratory system dis- 
ease. 14 

In 1994, a multispecies CD epidemic of un- 
known origin in the Serengeti ecosystem affected 
30% of a population of 3,000 African lions. 65 ' 96 - 113 
Many of the affected lions were emaciated, but the 
most frequent clinical manifestations were neuro- 
logic, including grand mal seizures and myoclo- 
nus." 3 Up to 50% of lions with clinical signs may 
have died. Domestic dogs (up to 30,000, many of 
which were unvaccinated) could have transmitted 
the virus to spotted hyenas (Crocuta crocutd), 
which in turn may have transmitted the disease to 
lions. 2961113 Serengeti lions are nomadic and could 
distribute the virus over a large range. 

Hyaenidae 

Fatal CD has been documented in captive hyenas 
and in free-ranging Serengeti hyenas. 3 21 ' 61 ' 971 M How- 
ever, a retrospective study involving free-ranging 
spotted hyenas in the Masai Mara, Kenya, showed 
a significant rise in CDV antibodies without clinical 
signs or increased mortality during a period of high 
domestic dog mortality associated with a CD epi- 
demic. 3 

Mustelidae 

Mustelids are among the species most suscepti- 
ble to CDV disease, and the clinical presentation is 
similar to that seen in domestic dogs, with some 
exceptions. Domestic ferrets and black-footed fer- 
rets (Mustela nigripes) are highly susceptible to 
natural CDV infection and have a fatality rate close 
to a 100%. 1019 ' 39 Fatal vaccine-induced disease has 



also been documented in both species. 28 - 35 In addi- 
tion to ocular and nasal discharge, diarrhea, an- 
orexia, seizures, and myoclonus, black-footed fer- 
rets often have severe hyperkeratosis of the foot 
pads, whole body erythema, and chin and groin 
rash with associated pruritus. 28133 All mustelids are 
probably susceptible to clinical CD. There are re- 
ports of CD in American badgers (Taxidea tax- 
US), 1556 striped skunk (Mephitis mephitits), 41 Euro- 
pean mink (Mustela lutreola) and American mink 
(Mustela vison), 94A0ini Eurasian badgers (Meles me- 
tes), 16 and European otters (Lutra lutra). 54116 

Procyonidae 

Natural CDV infections in raccoons 37 ' 67 - 75 ' 89112 '' 14 
and vaccine-induced infections in kinkajous (Fotos 
flavus) 74 have been documented. All procyonids are 
probably susceptible to CDV infection, with clini- 
cal presentations resembling those in domestic 
dogs. 47 - 91 105 Cystitis with pyuria is common, 91105 and 
jaundice is sometimes associated with CDV infec- 
tion in raccoons. 75 Canine distemper virus is en- 
demic in some North American raccoon popula- 
tions, 37 - 47 ' 67 ' 73 ' 89 - 114 so this species may be a reservoir 
for nondomestic zoo animals and domestic dogs. 
Additionally, CD must be differentiated from rabies 
in individual raccoons with neurologic signs. 

Ursidae 

Many ursids are susceptible to CDV infection on 
the basis of serologic survey s, 34 - 43 - 49 - 83,85 and clinical 
CD has most commonly been documented in red 
pandas and giant pandas , 26 - 27 - 46 - 69 - 110 although one re- 
port of clinical disease in polar bears (Ursus mar- 
itimus) and Tremarctos ornatus neonates has been 
published. 115 In a serologic study of polar bears in 
Alaska and Russia, 35.6% of 191 samples collected 
from 186 bears were positive for morbillivirus an- 
tibodies on the basis of the CDV microtiter neu- 
tralization test. 49 In a separate serologic study con- 
ducted in Alaska, 14% of 480 of grizzly bears (Ur- 
sus arctos horribilis) were seropositive, whereas 
none of the 40 black bears (Ursus americanus) test- 
ed had antibody titers. 34 Serum neutralization tests 
with the Onderstepoort CDV strain resulted in se- 
roprevalences of 16% (2/12) and 36% (4/11) in 
captive and free-ranging Marsican brown bears 
(Ursus arctos marsicanus), respectively, in Italy. 85 
A seroprevalence study of free-ranging Florida 
black bears (Ursus americanus floridanus) found 
8% of 66 bears seropositive for CDV antibodies. 43 

Clinical signs of CD, whether from natural ex- 
posure or vaccine induction, may be similar in red 
pandas and domestic dogs , 26 - 27 ' 69 - 11 8 but some differ- 
ences have been described. 46 Signs include purulent 
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oculonasal discharge, anorexia, diarrhea, ascending 
paresis, and, in some cases, terminal seizures and 
coma. 

Canine distemper virus can be fatal to captive 
giant pandas 110 and can also affect captive red pan- 
das. 110 In China, CDV antibody titers were detected 
in one of five captive and one of three recently 
rescued giant pandas. 83 

Viverridae 

Two viverrid species may develop CD, the bin- 
turong {Arctictis binturong) 31 ' 6064 and the masked 
palm civet (Paguma larvata).™ There are recent an- 
ecdotal reports of vaccine-induced CD in captive 
binturong (R. J. Montali, unpubl. data). In the free- 
ranging masked palm civet, clinical signs included 
dehydration, dyspnea, serous oculonasal discharge, 
diarrhea, local alopecia, and convulsions. 81 

DIAGNOSTIC PROCEDURES 

Antemortem 

In domestic dogs, acute generalized CD infection 
is often diagnosed by clinical signs in animals not 
previously vaccinated. In nondomestic species, CD 
may be suspected on the basis of clinical signs but 
must be differentiated from such other diseases 
with respiratory, neurologic, and/or gastrointestinal 
manifestations as rabies, feline panleukopenia, 
toxoplasmosis, canine parvovirus, lead poisoning, 
and bacterial enteritides. Digital, nasal, and eyelid 
hyperkeratoses, common in infected ferrets and 
mink, 39107 are highly suggestive of infection. In rac- 
coons, foxes, and ferrets, jaundice associated with 
CDV infection is occasional and unique. 24,75 Abso- 
lute lymphopenia, thrombocytopenia, regenerative 
anemia, decreased albumin, and increased a- and 
7-globulin concentrations may be present. 59 122 Low 
numbers of CDV inclusions may be detected in the 
cytoplasm (and occasionally nuclei) of stained pe- 
ripheral blood cells, especially lymphocytes. Inclu- 
sion bodies may also be detected in smears pre- 
pared from conjunctival scrapings. However, inclu- 
sion bodies are unlikely to be present in either the 
blood or conjunctival scrapings outside of the acute 
phase of infection. Interstitial or alveolar lung pat- 
terns on thoracic radiographs also support a diag- 
nosis. Central spinal fluid (CSF) may show in- 
creased protein (>25 mg/dl) and cell count (>10 
celis/|xl with a predominance of lymphocytes) and 
increased pressure associated with inflammation. 
Increased anti-CDV antibody in the CSF is defini- 
tive evidence of neurologic CDV infection 71 unless 
the blood-brain barrier has been disrupted because 



CDV-specific IgG is not present in the CSF of vac- 
cinated dogs. 

Serologic tests are often unrewarding in clinical 
CD because most nondomestic animals die before 
antibody titers are measurable. However, paired 
sera (10-14 days apart) can be tested by viral neu- 
tralization 12 or the indirect fluorescent antibody test 
for a four- fold rise in antibody titer. 6 Enzyme-linked 
immunosorbent assays have been developed to de- 
tect serum IgG and IgM antibodies to CDV 99 - 1 09,1 291 30 
and CDV antigen. 20 - 109 Detection of IgM indicates 
recent CDV infection unless the animal was vac- 
cinated within 3 wk of the test. The detection of 
IgG is more ambiguous and can indicate either vac- 
cination or infection. 

Immunohistocytochemistry is also useful in di- 
agnosing CD. 17 - 78 Immunofluorescence is usually 
performed on cytologic smears prepared from con- 
junctival, tonsilar, genital, or respiratory epitheli- 
um. Other tissues in which virus may be detected 
antemortem with immunocytology are blood and 
buffy coat smears, CSF, skin, and foot pads. Viral 
persistence at these sites ranges from a few days 
postinfection in buffy coat smears to greater than 
60 days in skin and foot pads. 759 

It is difficult to isolate CDV by routine cell cul- 
ture. Virus isolation is most successful by direct 
cultivation of target tissues of lymphocytes and 
macrophages from the infected host. 10 In cultures 
with no cytopathic effects after 48-72 hr, fluores- 
cent antibody tests can detect CDV. 710 Polymerase 
chain reaction should be considered for the ante- 
mortem detection and differentiation of CD. 62 

Postmortem 

Lesions of CDV infection are similar in nondo- 
mestic carnivores and in domestic dogs. 24 - 44 107 The 
most significant gross lesions are pneumonia, de- 
pletion of lymphopoietic organs, and hyperkeratosis 
of the nose, foot pads, and eyelids. In uncompli- 
cated CDV infection, the only consistent pathologic 
finding is thymic atrophy. Common histologic find- 
ings are hyperkeratosis of the nose, foot pads, and 
eyelids; eosinophilic inclusion bodies in many or- 
gans (most commonly cytoplasmic but occasionally 
intranuclear in the CNS, urinary bladder, and bron- 
chial epithelium); lymphoid depletion; diffuse in- 
terstitial pneumonia; and perivascular lymphoplas- 
macytic infiltration in areas of demyelination and 
neuronal degeneration of the CNS. Syncytial giant 
cells in the lungs and CNS white matter, anterior 
uvea, and lymph nodes may also be present. 

In contrast to histopathologic lesions identified in 
the domestic dog, lungs of large felids may show 
diffuse alveolar type 2 cell hyperplasia with intra- 
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cytoplasmic and intranuclear viral inclusion bod- 
ies. 14 These cells were strongly positive for CDV 
antigens by immunohistocytochemical staining. 
This cellular response appears to be unique to large 
felids. 14 Additionally, feline brain histopathology 
may lack the typical canid pattern of demyelination 
with astrocytosis and vascular cuffing. Most cats 
have had mild, patchy CNS lesions compared with 
those of canids. 

The lung, liver, lymph nodes, brain, and spleen 
of any dead animal with suspected CDV infection 
should be collected for viral isolation and/or PCR. 
Immunohistocytochemistry on formalin-fixed tis- 
sues provides definitive evidence of CDV infec- 
tion. 17 - 78 Vaccine virus can be differentiated from 
street virus by differential cell culture on the basis 
of different target cell susceptibility. 10 

CLINICAL MANAGEMENT 

Canine distemper is best prevented by vaccina- 
tion. 32 Currently, the vaccines commercially avail- 
able in North America contain modified live CDV 
that is tissue culture adapted, primate tissue Vero 
cells adapted, or egg adapted or a canarypox-vec- 
tored CDV, in combination with modified live virus 
(MLV) canine adenovirus type 2, canine coronavi- 
rus, canine parainfluenza virus, and canine parvo- 
virus. 32,95104 MLV vaccines derived from egg-adapt- 
ed and primate tissue strains of virus have generally 
been safer than canine tissue culture-adapted 
strains for nondomestic species; most vaccine-in- 
duced CDV infections result from the latter. The 
Fromm-D® vaccine (Solvay, Mendota Heights, 
Minnesota 55120, USA), containing an egg-adapt- 
ed strain and taken off the market in 1994, was 
labeled for use in ferrets and safe in many nondo- 
mestic species. 66 - 131 The USDA-approved Fervac- 
D® (United Vaccines, Inc., Madison, Wisconsin 
53744, USA), an egg-adapted strain containing vac- 
cine for use in ferrets, has induced disease in red 
pandas 94 and anaphylaxis in some mustelids (nota- 
bly ferrets) and viverrids (R. J. Montali, unpubl. 
data). It should not be used in these species nor, 
perhaps, in other exotic carnivores. Galaxy-D® 
(Solvay, currently being manufactured by Fort 
Dodge, Overland Park, Kansas 50501, USA for 
Schering-Plough, Union, New Jersey 07083, USA), 
a MLV tissue culture-adapted strain with simian 
cell substrate, has shown promise in nondomestic 
species and may be safe for use in some canids, 
procyonids, and wolf species. 105 Studies by the ad 
hoc American Association of Zoo Veterinarian's 
CDV subcommittee with Galaxy-D® showed it to 
be relatively safe and efficacious in maned wolves 
and hybrid black-footed ferret X Siberian polecat. 93 



The use of multivalent vaccines containing CDV, 
such as Galaxy-6-MPH-L (Solvay), should be dis- 
couraged, at least in some nondomestic species, be- 
cause of possible immunosuppression and clinical 
disease brought about by other MLV compo- 
nents. 94121 

An experimental killed vaccine, prepared with B- 
propriolactone-inactivated Onderstepoort strain, 
has good safety but variable efficacy when used in 
both domestic and nondomestic species, 95 but un- 
fortunately it is available only in limited amounts 
to selected institutions holding such species as SSP- 
managed red pandas and black-footed ferrets. A 
subunit vaccine with CDV immune-stimulating 
complexes protected domestic dogs experimentally 
infected with CDV 40 and harbor seals (Phoca vitu- 
lind) exposed to phocid distemper virus- 1 128 and 
may be useful for nondomestic species. Recombi- 
nant vaccines with vaccina, 72 * 120 cana^cx,' 04 ' 120132 
and fowlpox 72 vectors with either CDV' 04 ' 120 ' 132 or 
rinderpest virus 72 antigens have been experimental- 
ly tested in ferrets and dogs. The recombinant can- 
arypox-vectored CDV vaccine (Merial, Ltd., Inc., 
Athens, Georgia 30601, USA) has been safe and 
efficacious and lacked interference from other ca- 
nine vaccine components in initial trials and may 
soon be available. 104J32 However, it is presently only 
licensed and available as a polyvalent product 104 
and cannot be recommended at this time for use in 
nondomestic species. A monovalent form of this 
canarypox-vectored CDV vaccine is being sought. 95 

Vaccination schedules for nondomestic species 
are based on recommendations for the domestic 
dog. 6 - 32 Domestic dogs that received colostrum as 
neonates should be vaccinated every 3-4 wk be- 
tween 6 and 16 wk of age. Colostrum-deprived ne- 
onates should be given two vaccinations adminis- 
tered on a 3-4 wk interval and starting at 2 wk of 
age because maternal antibodies acquired in utero 
should be absent by 4-6 wk of age. 6 

Data on maternal antibody interference with vac- 
cination of raccoons and ferrets suggest that a final 
CDV vaccine should be administered at 18-20 wk 
of age in raccoons and after 10 wk of age in fer- 
rets. 57105 This illustrates the importance of tailoring 
vaccination programs to a particular species' needs. 
Additionally, vaccination schedules may require 
modification during CD epidemics or periods of in- 
creased risk of exposure. 

Adults should be vaccinated twice, 3-4 wk apart. 
Modified live CDV vaccines induce long-lived im- 
munity in domestic dogs 50 and hybrid ferrets. 131 
Consequently, the risk of adverse events, including 
anaphylaxis, has raised questions about the need for 
annual vaccination of domestic animals. 50 Yearly 
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vaccine boosters may be advisable in nondomestic 
species for which data on antibody persistence 
postvaccination are lacking. Assessment of the im- 
mune response (e.g., IgG antibody levels) provides 
a way to assess the need for booster vaccination. 130 

Vaccination of nondomestic felids is not recom- 
mended by the Felid Taxon Advisory Group, al- 
though favorable results with a monovalent recom- 
binant form of canarypox-vectored CDV vaccine 
(R. J. Montali, unpubl. data) may change this. Vac- 
cination of free-ranging potential reservoir animals 
(e.g., domestic dogs in Africa and raccoons in ur- 
ban North American zoos) for CDV and efforts to 
minimize their contact with captive and wild felids 
may decrease the risk for CDV infection in non- 
domestic felids. 

All CDV vaccine use for nondomestic species is 
extra-label except for Fervac-D® in ferrets and 
Distemink® (United Vaccines, Inc., Madison, Wis- 
consin 53744, USA) in mink. Veterinarians should 
consider obtaining signed consent forms prior to 
vaccinating pet ferrets and pretreating with diphen- 
hydramine to lessen the severity of anaphylactic re- 
actions (R. A. Yates, unpubl. data). Currently, a 
monovalent canarypox-vectored CDV recombinant 
vaccine holds the most promise for general exotic 
carnivore protection against CDV if it becomes li- 
censed for ferrets and widely available. 

Canine distemper virus is extremely susceptible 
to ultraviolet light, heat, desiccation, and common 
disinfectants (e.g., formaldehyde, ether, chloroform, 
phenolic compounds, and quarternary ammonium 
compounds). It is short lived in the environment but 
can survive at low temperatures (e.g., 48 hr at 25°C 
and 14 days at 5°C) for extended periods. 117 Good 
hygienic practices and the separation of potential 
virus-shedding animals from susceptible hosts 
should be instituted. 

There is no specific therapy for animals with clin- 
ical CD. Nonspecific treatment is supportive and in- 
cludes fluids, antibiotics (for secondary bacterial in- 
fections), and drugs to minimize CNS inflammation 
and seizure activity. The prognosis in acute gener- 
alized CD is often poor but depends on the virulence 
of the virus strain along with the identity, age, and 
immune status of the individual affected. Neurologic 
manifestations worsen the prognosis. 

ZOONOTIC POTENTIAL/FUTURE 
DIRECTIONS 

There is no definitive evidence of naturally ac- 
quired human CDV disease although asymptomatic 
experimental infection may occur. 98 However, there 
may be a relationship between subacute sclerosing 
panencephalitis (SSPE), multiple sclerosis (MS), 



Paget's disease, and CDV infection. Dog ownership 
and clinical MS are statistically correlated, 36 as are 
dog ownership and Paget's disease. 102 However, 
there is no evidence of a causal relationship be- 
tween CDV and MS. 23 More evidence supports an 
association between measles with SSPE, although 
such an association is still theoretical. 33 106 Never- 
theless, with the new and emerging morbilliviruses, 
both CDV and viruses closely related to CDV in 
nonhuman primates, 136 tayassuids, 11 marine mam- 
mals, 127 and nondomestic felids, 14113 there is concern 
about the mutability and changing epidemiology of 
CD. We must be cautious when working with ani- 
mals potentially infected with morbilliviruses. Po- 
tential new vaccines, including DNA (plasmid) 
products against these agents, 119 may hold great 
promise as safe and effective vaccines for exotic 
carnivores. 
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